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2 SI U llj SjLaJI .4^liaJlj SjLaJI qu j^j ^ j-M ^ 1* H phySiCS 

«<1 U$ lax > i iSUaJlj SjLaJI fjA J£ j) In Vij .1 rt g t n óa^-j ól j-j»"> H j 

* 

jjjA £& Li»*j uLHHJ 


ct ^i II ■ 

^ ^‘Luu 

c,/^. , u,.. 

J/ , ' J ^ U ^Xjl c , 
Ó ** JL TLUjJL ' J ' CjL ^ JI J^I - VjL? 

■ ,h ^'^r^ 

t -*L>kdi • ci 


0^4 ói^ J4* L® Ć-ij'-' 

i 

w \ ^ >jJLu, ^ ^^ A ^ i*l 1 ~ ^ IA a i lri * 11 A_JJ_^-^JI i n^*i ł 11 

.Ul Jjl dJ j jJa j .Stonehenge 

^j-Lc ^ ^jJLLl! jj-Uj j-fllj J-5j .d}J»L£_i_-dl 

a ^i> j .«! I i ł^ * n,1 1 i**t \ 1 ^ . \ * s l1 q 11^ l**j 1 l__i^_l 

^jLcI^Lkl IIjl^U ^j-0 (Jjil ^1 Jj-O A-AJ jJLlI ^ J J .. 11A J U LaJ Ij 

a. /i ~ 1 q 1 1 a 


2\ 1 1 j d t< imV< H :^LjjoiJ| 1 Vta 

6^1 j*v l lj d ł \ t ^ v a II ^^ 1 f ^j_-o A_id_i_ujI ^.Ljj_ijaJI i 4 11 1 > 

1^ A \ i4a! 1^ ę. 1 ^ ^ 1 1^ L ~ ^ Ij 

ę* 

d j j t Q l lj <A^jjJI ę >I ' ^ / A v Q A ii_i J ^—11 ę- 1—J II \—o I 

j (Cj \ ^^1-u.^JI ( A_j_łjj_l^J y I 

.LojMJI j iJL=dl 



dLjl^j<aH fdc <_jl,Xi ^J[ ^ \^ > o jt-fl 













.4 _Li£. ^Lljl 





,oj^=JI a_łuI jj :acoustics oLó^-sJi 
Ł " \ l l fil i ^ <_>-=> 1 >Kj ^yi* i—ljj :atomic physics ijjjJi *U)ĄJi 


.Sj óll 

a_ł=JI ciLuLUI a_*J jj :biophysics <L^aJl t-[ ii 

.A-i-l Lj j \ \ 1 1 I j o" 11^ | £ \r I ... a t 

Jb-41 o-^b^- 4—1 jj :cryogenics oLjjiJi ^L^ii 


Luiijj lelectrodynamics ajjIa^sji k_.*i •. , n 

. A j mj Lt 14 A i < l_j^ J 1 1 ^^ a 11 

^Ij^JI <Sj^j LLźu, a_wI jj :fluid physics AUj^i 

.(oljUdlj JSlj^Jl) 

•ę5^JI '-*^b o^j^ 1 ^b- 1 :geophysics Łluś,Vi aLj^Ąji 
ó-° o-Lill <jL5j A_jijS LJjj :health physics a aU^Ąji 

.^UiVI LU^DI 

oVjl_tJI a_u,Ijj :mathematical physics -UuóLijJi ^ SjĄ u 

■ A_i_> I jJb I jU j I A ^|\A. "... a!1 C \ " 1 ' . -A 1 | 

A-^kilj A-łi ^ •; „ ,l Lł_,<: a_cJ jj :mechanics 


o^b^-j a_Ulj a_^I jj :molecular physics u 

. Cj I 4 ■”. i 1 

sl^UI a_u_> a_ujI jj inuclear physics iu^jji aL^śji 


.ójóll 

• aj ) 1 ^ i i Jal o j a x i i u loptics o Li 
o^b^Ks -^L-— *—b J particie physics -. i ^... ? n 

.A_łJj VI i"11 g i...-v 1 1 

A^lli Aj^IajJI a_uJjj :quantum physics ajIsji aLj^Ąii 
•(_ > l “.;l~ l j4^ SjLaJI JjLLu 

o^b^ 1 a_wIjj :liquid-state physics a «i.^h a-ILsJI f.\ : j _■ ó 

. A 1 1 . 11 J | j aII A i ł I i Q 11 

JLlilj Sjlj^Jl a^Ijj :thermodynamics ajjI^ji l^OjaJI 

.^Vl AiUJI 



i 

























Iiquid 4 _LjLujJI jjUL^JI <LaL-ól SjLa-LI oMUt c>VLaJI SOlid <u_LaJI ^JLaJI 

jIjaII j . A~.". J .^AjLuj iLjLfc ji a IM 'U <ULa. tjA 4 1 l.n I I <ULaJI J. *ś i Ti i1 jl j^AJ^ -9^ 4-i)l-*Jlj 
l *< 2 «1.^ ^_Li LIaLuiąI jaj^ .iujUdlj -LIjLuJI LfrjIjAAj 4Ju-*_a óLL^I^aj 0^'i-^ 4_}IuaJI 
.^1 a «jl^a j jLaaJIj o l lj ó"^ jAaJlj CjIjLaujJIj 


a \ A ij li j ~sA\ ^LujIjJ 

jlj_^ | l f l %J t oi ULfij 4 V 1,^1 1 jl j^ll Aj 

5 jjłJIJ * J * ~ i IJ A J <^J Ul \ 4 ^11 6 A-A (J. ^ ‘ Ał . A \ 1 < ^ .11 

(J^ajLj^jAjj .SjIj^JIj g-L-j j ^ 11 A_J_flL»j A j^ j_>L£Lia11 

■_t V ~ jJ a > A 1 LaII jlJ-JI ^j-0 A 3 1 "\< a \\ ^ jL-a_jJI 
.I 4 J 6 3 ^-^ cJjaJI 


i i Lla I I jI^aJI 


3_fiJ 1 <A* > 1 0 |Ą>> £-a 


/j l ~ \ 1 ^ a_»_L-JI jI^aJJ ® 

A yj.^l l £ jLdl CjI n j< u^k. iJ • 

^ U~ \ ^ <r Aj-aj 


1 j a U ^jł A_j_*Lj £.11I 4 J A J1 j) ^ 11 <Lj^^-aJI j-l^1_1aJI • 

< Uai 314 ^ J j-^LlxJI 6 A 4 J 3 ^iJ .LlAxj U Jl a -4^ > 

. ^ n £—JaILuaJ V 

A \ \, 1 1 jl^-oJI 3 -0 3 A^-«Q-> I—A j 1 J l AA_J # 


i ' ■ ~v. ' I ^yO ^Jf HS^-O J^J-0 



1 
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-\ 

aJL^. v_j-L^ J-o 

j! 3^-4^-? Ulj jl .SjUJI 

*.—>-UaJI ^-luj^JI J^^JLł SjL-^JI "V > g. 1 \*? l^ 4 a l t> 

ę- ę, 

>fLI 6-° ^L^ll .^jUJI jl JjLcJI A-Kiu ^J| 
^_jl^aJI, u - 1 ^ 1 1 AjUJI Jj 

Jj- ^j ^ <SjlJ-^-U A-łA^JLJ Ja£. JJ>Llu *L© ^J[ 

• 4-4jU. aJU* ^ 1 6jA-jI j 4 ».,“ . \ \f p- La II 


. 4 _LLu ^\\ <.. il « ^ (j-o ^JLJI J-uj 53L1J j 3 > 


^jj^-LJI śLilu^JI SjLJI 

crystalline a^jJUI a- 4^11s jUU 2ujŁJl olir^JI jl 0 ljall 
6 JL£-LVI Ó-^J \ A ^ wj \ A £* j j-aj solid 

<£^Uc-aVl A_a>ujIJ_ tu^ <^^Lut»Vl A_j_cl_jj(j <A_ljiUaJI J l ^ r,, Vl >i l /n \ I I 

.JUlaII *^Ujj <(jUiaJI A-jjLJj <A \\ \x aIIj 

melting pointSjl^M J jLjj LU: a^jJUI a : 1^i i 


.i^LJI ŁaUJI jlj^ll ,> jJUIj jŁJl oULj jjjUI jŁJi 

' ) ' I I * } 1 $ 1^ r.n j oljj-LU A_j_^J_sJI ^_ujljjJI Lr _CJ_jj 

.crystallography 



<U_LuaJI JjIjJ \ y * UJI 

ł J ^ ^ I i A_i_U<a J1— *\ iu I A A... 1 1 < 11 I >" a UJI 

U^ a_i_» I^jIlc a_LjL_j o I 1 ^ * q ^ U~ \ ~ ^p < 4 \ \ 

cji—^ ' ) H A_i_UaJI jlj_-a_U L-ŚUA.J .JJilJ-^l JUJI 

.ajlU jLj j LU: I4J ^u-J a_jjjL UJI a vl,^.ll jl j_JI 


o 



.a_jjjJLJi a j . ^ 1 i ji ^di jioj j_^i jjt j<^.n ,_.«< ^ 


l</> II ^I^jI 

u-° i-)j^_LJI Łl 1 ^11 jlj^JI J_^Ju 

^jjJI ^ LI M LfJj olJ-lUJI 

noncrystalline a^jjL Uli UUJI jl^JI j.^ jj^JI 
V jlj^JI 6.1 a fU^JIj ^1 jillj jrU>JJI :solids 

. J A \ I4 J j^ x .JL A CjUjJskJI ^ Cjlj jJI 

quasicrystalline a^j^-LUI a_U_^)I jl^Ji j . ^ 

jjźh V ^ jLoj J-a <A CjIj jJI L^_j-Sj {A_ijJjl-aJI cLUuJI 

.A aKTi aII CjUIj-LII 































JjLcuJI j-iLLj j j o-)L^ <SjLaJI ^5-^ licjllid <LbLujJt ^JL^JI 

^jLLj a k.ł <J: JLLł V <La^»a jLi ^1 tjA Jij La ijlj .<ua 

J i j -sJI JŁa u<tl\) 






1 ^ .A* \ ‘ $ lj^v ~~ ^jl 4_lj 1 _luJI ijl—^JI • 

* 

. aJ ^_tu_> 11 < > 

.^ * 1 a ." 1 \ j ki ^ 11 6 (j' , mil 0 

. JSI^JI Ul, ^ ,_ lA. -Jl«> • 

^ r >*-j l a \ I I > JULj^J l pLaII j—x_ł • 


<^_Lj Luj I j I i 

U 4 ,Jsllj Sjl^^JI A_^.jJ ^ 1 C SjLaJ J_»l—uJI (J_^_**JI J_-aJL_s_j 
~y 4 ^ A ■ ^LaII J j ^L^_-a_ił • J ^ J ^ 

^un room temperaturę aJ>>JI 

L$ li\ £ jJI ^Uo^JI ju-<aLlxJI 3-Hj-Mj ^^JLiJlj ^jj^JI 
U -i , Ali j A_fljjLll 6jl^2w A_zyj J J->LJI I ^ 

j\Ju IIj < iJ^Lw JliL L5 -k: ^1 oL^^JI 

.p-Loll j duj-11^3 
' V1 -y I I j ^ J I * 1L^ (J_t 1^-ioJ I > 

water e-L<JI ^_Lc j^ a - i 4 _LLuj 



1 *y aa ^1 \r_ ^ 1 c ^* 1 ^ <based 

.p-LJI a l^kjl 


.e-LoJI ^—l^. ,JjLui j\ ts\% I I 



























jlmlWl 

d>=^ óAa. <JLJI ^.1 jj> diffusion J r.,r, Vi 

JJ IJ-* ^ 5 I C VI JjJal—Loli (]j_o jJjLuJI .-■ ! % j ^ <t_i_a.j a ' 

Cilij ^ j t _J_łl_cuJI —* i j ~y ^ Q ~^ \ *\ j ~ aV| ^ a 1 \ .-, 1 1 

^)Lł**jL»VI jcLuaj^ J r.."\VI \"l <_ij| j r..r 


• c . • ^ W, u . 

(S^JI... ' ^ voi/ jj. ,. 

^Uj/' ^ 

. ““'ifiLj/... 

Uii ' ij -''jjjj/j 


<LL2^£j^JI 

c£j^J (JJj-^ Js J-jIj_*JI J }UU>I jl ^IjJLJ A_jJ_jL_S ^p-c. jJ 
^J-c j-oJUj ^j .miscibility a^jjJLj 
J ^jJ- f L ^ —Ł- - *-u< Q (^jJ—>1—cuJ (3 ^^^ 5 .J—a!— uJI £^JjJ 

£LJU aJji ^ iu \ \ ^ i >A» * * 



^ J 


He* o-® ć£b -Jj^b 
£—o c-LoJI jr-JLaj V 

lt^ ^ijl 

£j—J_ aj^ .*UI £*.—La_ uj 

A \ U <S *V lAJ Jl J_j| ^_UjJI 

jsb- £* polar liguids 


cs^ 1 
_uJI 


non-polar Likii^o 
liquids 

J-jl ^_lo L> a a 


A. vLqUi/ 






UJI 






J^JLa-oJlj a 4^*4 II 

<pure liquids Juij-xu :Jjlj_^JI ^ ^ 1 - * ć dLu 
JSJj JLu *LJU .liquid mixtures aIjL* oLj>j 
L$J-^i J ^i-bUo ^-A j^jJI *Loj oLjj-LJIJ ^ Jl 

6jl_c <a_x4 a_LJlJI ^-^LoVI j-o ^ajl5L!I ^L jj^JI *Lo 

J JjLJI £C-Jj-JJ I, \*S Aj .A_j_ilJI I " U -v ^Jł 4 i l.^s jl 
jI a_U-o jl a_LUu a_j_LJI L^JL^. jIj-a ^-ic ^ j)^j 



^^ikVl «GVL^ ^1 JjLuJI J^j 

l j ~I_1-^ . , , M c£>śd CiVL». Jl J ^->~~i Jl JjlJj^il (3^-aJ 

.6 J-ijUi UlC i A \ \-v ml \\C JjLJI J J-oIj .LaJjjAJ jl 

Jl Jl aJ»LJ_c a_LL ^,-a -w JjLuJI ,ul 

6,. UiVt aL l5 _j_^. JjLJI jjjjlj ^j .ajJLlII au)Lx 

.a_j_LsJI aiJU. JJ 





























CitjUUI 


S j«<< £,l_fcl jk j ó-}Lj I 4 J 0*^-1 (^*-11 SjLaJI o^L-^ 

ćJ j^yT. j ,jjx J^i.oj ol_Ljj-^JI d j-& . ^tVi > 4 uJJjJ L^J (_^ajJ^ <4_ijL*JI ś jLaJI (^-J 

.4_}jL*JI iULaJI ^ 4J1 aVI JuaŚl *UJI jLa^i JAJ$ .oULąJ^I 1*1 a -a ^ J£xŻu 




oVL* ^IjLŁJI J^5 

JjIj^JI£ Jl^l o? oljLiil 3 ^-^ 

Aj>l_fl A_j» 1 J I ^LxJI . A_xL-<aJI J1 ^-aJI j 

^J[ jLiJI oLajjui^. < JjLJ! a Ki l ^1 

a ! 1a~ > Vl ^Jl aJ j)^~^ !A^^,jjJI 6 j-A J ic 1 iAx j i ^ i^>X j 

6^u^Vl *,U 

jJaJI Joi-uiJI U J> , xi < ^ Jj ?^ - \ ? 

jlj 131. Lal .(a_jj-Lo 183—) A^.jj 1—oj3c (J_>L«j 

^ lf-1 5jl^a. <^*.jJ L5^l ę* 1 "i"fc j m A_jUa jLiJI L* 
.aJjLuJI aJlIU*. Jl 



12 


















oLiSj-aJl j 1 i*JI 

djJ-)l Loj jr. (jljLc 

l ^ $ U LL-> JiLk ^yA ^^-ijLiJI J—4 ^ 1 C i_flj X "\ II (J-S-OJ 
^jb -2 ^ (j-aLt-talLol ^-lc l. , x i ^ i jJJSj 1 ^ ^ 0 jj j a j ^ II 

•C&>^ W^b^J 

.o>lll JU nitrogen dioxide .u~x i 

< 4 ^ i^lIj hydrogen sulfide d^jj^l jUJ 

.JjujLk]! v 11 


oljLiJI jii 
JjLii 

iwJL jj-oIj jUJI dl :Charles' Law JjLL djjLS 

6jlj-^. ^I-Lj cK 5 J-*-J La_l£ A ^ ^ ^ d-* l \ 

jL*JI (j^ A > < XJ \ 1 < ^^jLill Ijjfc ,am\ tj .6 J-lJj 

.(cj-jLj = V/T jl) U-ł , Al i J\X~\S I jl A_1 jLj A_JjI^X <_^jJj 


^^UJ! ^ .SjjUJI oljUJI ^ ozone ^Sfl 0 ^L 5 



jL*Jl . L a ij** .Boyle s Law d^^LS d ^^ 4 


°^ UiJ <Lj^ajJ| 


^jLU ^A+i Jjjj d>> 


L_S —kaj t 


-?J *J L 


J-ŁJ U..UC 


k,ne «° theory of-r-un- ^ 

^.,...„ , C> “ 
^ cl J , . ^' 9aSSS 

V-UL J_J| - . X * JLi i> 

■ —II .*«, o^, 0 i Łjtu) ._,_ 

cji oLLj^Ji • i. s|| o^>ŁSbj 

c^aJI ^Lx j| .1 

Jjl^JI * 2* I ** ^ U’j^5 

^ r- U^, ^ ^ ; " J 

; iA,J ^ 

**•->•< .AjLUI -k ,. 



jj w >^-*- J Q«-^J Ij| AJLjLj 
jl) .pLcjJI ^ 6JjLiJI CjLo. 


k^3k.j jLiJI .Ux < A 

A_uo^ ^ I 6 j I 

.(c^U= PV 

d[ :Avogadro's Law jjjLSjJI dj^ 1 - 5 J>^ 

I j[ oLo_ual^JI d-° ^‘-^-11 ^lc A-jjL^lJI cjljLsJI 

^1 ^. 1 ^ \ j > i aj ^ ^ l>4 . a ii ^^Luaj 

A_ij_Ld I jAt-aJI £ jl jLiJI d-° 22.4 ^ 

. IM~y 1 O 23 X 6.02 Jl a X aII lajLuAJI d^‘^ J 

j^bdl JUUI d>»Li 

Jj^j J-^J-? Lh^b-S L>^? f^LjsJI jLiJI dj-»LJ £ A -y s 

PV = nRT ijjjLSjiilj 
<a_LLL>JI T = <^y ^iI — V / <AI I = P ,~i ^ 

•(o^^/cb?- 8-314 <cUąs) (^cJLłII jUJI ojLj = R 


0 












































LbJt 


V ,E >^JL; 4J >^3 jUii ^ *jjiJi t*i ^ energy ttUaJi 

^_a_jIj 3 .LajIj <UujL;i u 11 <liJLaąVI 4 ja^JLa <^ja_ll ^Ji ^3 ' ^^ (j ^- 44 

uśa^J jl jjjl j 1 dl ^jdjla.uaV j^AJ ^-aŚ ^ I $ j 4 * a a (j* 

** * * 

^1 (J) Jj^JLi iLaliaJI (juLaJ $ .Sjlj^aJI qa * . .\ j C13.ua JiLJj ^1 iaLlaJI < Lrt j 1 j 'k-ź 

(N/m 2 ) £-}^a jŁa/ć**^ 1 "* 



4_5LL=JI JliiJ .łJ :chemical energy i^u^i iiUaJi 
U A jjJI t jjt ^jl—łJI ^ j 3 \ i 1 1 J 3 ^ r ^t cJL-j 3 1 * <a_x^LuoJI 

X j ^11 ^y±j ^jLJI JcLklll ^y±ji <aa\ 

j| 4 \j 1 *K 4 v 4Jal_L> Li_j[ ^J[ 4_j_j l 3 ^ 3^. 11 

Lj£j-o 1 _AjjJ- ł 1 \ \U *3 <- aa \ XOJ^ A_ 5 Uo £“L 33 [ Jl 

.Ijj Je*. 

^x-u 1_i 1 ii:electrical energy diUaJi 

.iJjUaJI £-Lljl Jjd Sj-lill jl oLiaJJI jśjj (_S-*J 
!^ Jiua-a JiLJl I j_A £_j-uajJ < JJl—> 3-® 

^ ol 1 ^ i i l._j_>Ij 


&LŁdl JLSJ.1 

^jLaj ^Jl Jj ^33 L$-iLa IjJ <j^jj jl 3 j' ^aLb-Ll ^ 
:&aLbJI JlSJji ^3-aJLJ La_iŚj .4 4 JLSJjlj 

z^y* ijjrpJi ^LbJi ImTi :thermal energy ijji^pJi «iLbJi 

4-Ljojj i^Luxj 3jLjj o ł*.uj SjIjCiJI 4ca*jj jLjJjV 
4 » 1 aL£JI 3^ 1 U I Ij 2S ćULbJI j^Yi ^ a> ji <L^ ^ o a 

,<LjjIjca 4^Ub M^ulU dj ^ 


























£■ Laią.1 :mechanical energy iiLiaJi 

^ 1 I~i i .A A_j_aL^JI A o l U 1 1 j a ' < II A al Ul i 

* 

aj 5jl ^cu^JI Lal j-LaJl j aJLUJLj 

ji) gravity aJUUI s jj f l u \ 1 1 ^ 

.LajL jc I ._j ^j ^1 a,6^-SJI (a.V l a_j_> jL^JI 
<LcJcuVI aJLjLj a ysjll ^ \^W ^ c l UI I ^ ^J1 ,AW 

.aJ lilii (^^-5 ^^-uj <.4Lal V II 



.aJLL aJ^JL dl Sj^JI t s l 1~ a~ 

L$-^_> ^1 aJLLJI ^ :kinetic energy A^pJi AiliaJi 

t ><.u^ \ ( K = M> mv 2 * a * (^Jiaj^ a a l \" | ^ ,,, ^ i i 

j^-A^ v a_cj-ujJ L cd^^ki * ^jJ I m a_1i<L] L K a_i^^^J I a_ 5 l Un 1 1 

.óLą^jl ^L t, >_A jl V (A ^ ) A_i-aluj ^ 

l_j£iaj ^1 AilkJI ipotential energy ilaisji iaLbJi 

^ \ a> L ^ 1 1 A_flLLaJLj ^ ,^JI ^ ^ ; ^ ^^ 1 1 

; -C I. \ 1 1 ł ^ i < t *)1 1 Ljj J A 1 ^ ^11 ^ ''' VI I U-A I ^ * I f <J_LL I 

j-loLiJI ^ William Rankine f bA*j 




c> Ajlkll als> JVTm j :radiant energy a_u.i_x4.Vi ^aiiaJi 

'—^ ^ i j a I «xl . A-łj^ j ^ ^ 1 1 Oj I l ajt uj V i ^ I H Tu V1 

ala jl\\~tj .light energy a i.ui i asi un i ^ •■ J <. i aj „ c 

^lj_oVI JLą^a j a iai <CjI— n _' m-) J ^ Pn 1 f A ol t- II 

. ^ i * H 1 ^ ^ ) | 


ai^I^JI AiUzJI ^ :magnetic energy A^a^LJuJi AiLbJi 

CiLiuio. ^-lc A jiajjLI ia^II AilkJI ^ \Usl \4 o-v 

^- 0 -j LsJ I I _\ a ^ ^ ^ La ^ ^ ^ I ^ ^ ^ 1 1 L$_> ^ ^ a q a i \ * a 4 \ \ \ < a 

.magnetism a : ^u i\;.u : 
J^lj aJLLJI ^ :nuclear energy ajj>ui A^LŁaJi 
j3j .cJj jJI a_i!j ^ c5jj-^l cL-Lklll -^jLII 

t 3 'Lj j AiLLJL c>^LcLklJI 6 j^J a^ ajJjJLoII 4 a l Ul i 

.atomie energy LjiJ! i^LUJI ^1 iiLkJI ^_Lc 

AiLLJI ^Li ^LlLlaJ L ^_1 ^^^ill E=mc 2 aJLu^JI , ^ 


.nuclear fission ^Ll^VI jLL^\VL jl radioactive decay 

A-śLUI c ^a aJjL^JI Ay^ll JJLJ aJj jjJL-oJI ^ M VI , ta |jJ 

aJ 5 LL ^jj_l 1 I jl U ti \ VI 4LL1I ^jj_lJI J_cl_LoJI La j j^ j ^ 1 1 1 




aj^i^JI aLoLUI a_ 5LLJI ^ :elastic energy aJjaJI iiLbJi 

A — 1 1 < 6 J LoJ I fi ■ 1 11 ^ ł M ^_Aj < Lo ^ <A-«^v 6^-luILj La ■ f* 

AJjaJI ^^-ic Ajjji Aj_»jj^o J-i-all ^J^LJJ A-ju-u\ 1L .aJJiLuj jl 

4-lLl lLŚ equilibrium position Lj 1 ^ 1 ^[ 

.La jc_Llu <Aj ^1 

^^jJI -La ^11 oljljjul ^1 :sound energy alA iLbJi 

J L^aJ I ^j-a^-o LjL j I A_LLu ^ 1 A tL 6 J La j j olM 

i A 1 <ł \ i.^i '— , L^^-a j_A < ^1 1^ .SOUnd O^‘^>11 ^_CJj a! 1 

A—sl L> 1 1 —i oL^ J^i\ ^ił 6 J^ ^^aJI A a l L I I ^ r jJ^ 

. A_J j-t-aJI 
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^pJI iLallaJlj ilaLSJI aSUaJI 


i ......i i i■ . yu, ^ui iśLUi ^ u >, .,> potential energy iULSJi ausJi 

<UiLŁaJI Lal Li^Loj aLial pu.aąJI LA j\n jx. u-Aj ■ j^tuJI 

<d ><.^-v'<. aKii ^ji *.-»■ *v j i ijjb jui i i La 5^5 iik jjąas kinstic ©n©rgy 

.restoring force SjUIu^i s^ią a$SJi ojA ^xjjj iaLb 

Juudl Lfl-jl * I j a Ifc- L^AjjJLj ,«La£J ja. aQjl L^-j j 4-£LbJI ^A :<Lł£j^aJI 4-ŚLbJI 

p....-vl l Ual ^ . J ,4_JLaJI <Q £.jjm ^l jj<‘“ I* iljJUubj 4 a 4 -Ia£ ^,j £_Ajau 2J o j) Ha aJt 

ę. a c- ^ 

,<iifcjxu j-A jl ^jLuUU Ij-ij jl jaj 4_i£j_aJI <GaLb ^-Lfc 



4 _laL£JI ÓJLiUl iaLb 

gravitational potential energy iJ-olUI DUUI JJLL 
1 U jQ... ^ . — I I U a... t v ^ !aJ1_AaJI 5 ^yC. £C-1aj I AjjUaJI 

^JlaLSJI iilbJI ^Ijjl 2. U Z\W £ j )q ^ ^ j A ° /A^ VI a_ij jL^JI ^ajLj-4 \j^ 


,ii*L£JI iJjLkJI <> Uli^o Lljjl <^5 DUiJI iiu= O^J 

.Łul£ 2LśLk 2LjIi^JI SjJŁlI Jl JjUl UiŁu >.I ^ ^ ^ ^ó 1 ^ 1 i - 5U = JI l: ^J> ■ ? *> sJI »i* 

^1 l^\Sl\ iiLLU £■ I I^Vl Ló i -l'-aiJ | 5>ś v jąJ iiliJI OJh^j .aJ^LUI i-ILLL!l 

1 o SIU- o^J^ 1 


















^ J A H A A 1 < 1 1 da l U I I 
1 1 A,, 1 \ \ \ 4 i 1 1 I AJl-oLSJI A c l u I I ^ r \ ~ 

^ 7* * i ' s 3-*^ ^ ^ ^ J c L_iJl_Cj . 4_jJ> l_j-CL_i_^J I 4_»_*LO 

A_5LLJI Jj-^Li ^1 A_j_j 11 U J Jjjj 

LlJI ^j-o JLŁul ^Jl Cj i—1 1 A ^ \1 \ * \*\ 11 

A i\ \ '.'<1 1 



:4_JLi!l aJjIjlaU l_Ls^ V a v ą 1 VI a f 

mv 2 /2 = a_^JI a cl Uli 

^u ajL i^ \ Lo I A_a^j_^JI A_il_LJ| | aJjLjlaJI 6 jjfc £* J7.~ 
^ ^ .A_lc jjxi ^ 11 A_ll£ £_^o Ij^la 

J^I_XJ A_i£J- 2 JI 4JaLLJI jl J jji A_Cj^uJI >. ćc I , A"~ 

A A.^_A 4_i<j_^Jl A cl Ullj .4_*_>jVI ^j l ... * 

oLiUaJI j .jljJLo CjI j L^-l£JJ aLaJil 

(j) I A C 1 U 1 1 


5-jj-aJI ćGlaL£JI 3»jiLII 

<ł ^ iL cj* 6J-L1I ^ rcl\j 

^JJ-* L5^i C5j-^J -4-»J-* A_Lol_^ A_JLL ur _L^VI 
A-j^l^dl A_jj-JI A^KJI AjsUJI A J A < ^ r..ll 

3lj5SI *Li J Au j l .a K C ( J_ujJ I ^ J <7■ A_juo<_j ^c 

c- 

.^-Lcl Ą-j^IL^aJI a c l UI I 



V 


J 


^ _ ‘ Wl ii 




AiaLSJI AaLbJI _ t l__ 

PE = m x g x h :(PE) il^LUI 5_5U=JI 

m = PE/m x h :(m) aI-<i i ] 
h = PE/m x g :(h)^U3jVI 4 

Łl*l£JIŁ5UJI =PE 

4 

^^11 aJi< =m < 

4 

4_i_i jLJ1 g^^l =g 

^<-u ^>> 11 ^ I = h 



































a a, J < •; ,4_LftLaJVi <u£.jxu^ «u-G 5 Lj óaijlIaJI ^<uąJi j^.' >a momentum 

.direction aLadij magnitude jtji* I4J 3*3 *ui ^ 

(m) <UI£ fn»i>l (P) oLuj^a. IjJ ^ x J" ui d ^?“ ł * 

1 . I AI Laśj (v) 4_L&l_ąjl jxoJ dJ^klj 

P = m x v 

.(kgm/s) ji Lj/^ ^>11 ^us 



j^^ll £l^il 

linear LĄ*± ój^ f-*^ 1 ls-^ 

.angular Ljlj jl 
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AJ LLłLi d-* (^-J 

LS^ f “ ■» *>' >A^lx-j IjJ .^^iaiJI ^jJLj 

jJI jU© VI ^-A jl \< *j VI jliajJ ^uijaJI Ij^J jLljuu VI jUal 
^LuJ j-*j j-^j ^ Vl ^JslA— a, II ^ \ «.~ 

O 1^ I (^j I Lj (A_aj l_j^_i_fiJI (JjI_i_^. VI Ai^ 1 o aI 

de^j ^ ^kl l ^ ^LuVI ^j^UJI jj* (^kiJI 

.‘LuLj ^Lla-J ^y±. t s> ^La^Vl ^jkjJI ^1 

J i t^SAuu^ ^1 dJ J ^y\ X \j 


d -0 ^>^1 J^» ^1 aJj^H A_ljLŁJ 4 ».a\ J_A ^fln 

• ^-A A-a^Lj^JI Ajla-l^JI^ .iilid| 


miVi = m 2 v 2 


icjoJL d^JLj ^dli JjVI ^ ui ^l l iiiS ^ mi 
AjCj^JIj aJi£JI LoA V2j m 2 d? .Vl A_iaL^VI 

^L^JI '' a_a_aL^ VI 






^ J fł^l l JJ^Ltoj 

AjaJ 



L = Iw 


uj^i ę>^' j^ąJI ^3 >a> (óbj-^l f^-j jl) 

^Idl ^>11 c^jljJI ^0-^ d^ J^j i_ij^lj i^j^ iJL*. 
■aajI j^jJi ji i_jjijji A_ic,jxu^ ^«4j^ n aJll=jJi a i~^ i ~ \ ^ ^ 
f^rJJ 'ł ykal i JJ^I Jjh \ II 4j»Lj l i^jl 

: 0 J_»IUL LauoLj^ A-Lljuu 


A-C^jujJI^ I aJLU-JL-II A UI ^j} ^ .i.^-yl l \ A. j ^ ^ I • , ~_ t 4 

f^d^ 6J£.L5 j-flj 1-^ <—jj .W A_pljjjJI 


.(a_jMUI) 4_iaJ (dUj^l d c£jld - ł - A ^ j - 


* 

< (J- Ł -^VI A-i< aj \ I La ^k.i4i~\ II jljilcuVI A_aJLo ^_A T ■ ~»t-V 

.Aj^^aII (^ ójLuj[ ^_A X^ <^ui^dJ ^ U A. II ^ ^ j II 









































d ^ | d c, j iii I *L£- j-ujJ I 

Jjjca Ijl .U aiL^a jJaSJ ^ jUJI j^jjl ^ ^^- 1 ' ifA Speed 4S.J .ujl 

a< ^ ,4ajJLa ^ulaj a yż jAua ifcjlaidl 5 iLuxJt j-żd ^jÓaaj jl .AŚLaaJI dJU f < »> J 1 

* ę. — ^ 

,_>uLai^ afl ^^aJI 4XjxuJI 4 >la jI^aj LuAjI L^_iJ| jLuaJj .dLąJI I4J t.jujJ ‘j'a£a LfJ < 4 _Ł 4 iui 
.(Laj/jfc£) 4 xLuJI ^ jjaj) h£Jl ^j Suu j La LdLć. I ‘i I 3 <(^/^) ^ 

^_jkftAil iLcjxu-lli .velOCity A^ą^aJI 4_cjaJLj ,J yyż <La>Ldil^ «lł<J>^aJ ^m>l l yy*l Ja*-a LaI 

.oLądlj I4J A^ą^a Aja£ 


4XjaJI JjJt-a 

2 y\ ^ jll Nj~ all ^_Lc ^AL^J! i ^ *1n.L> ^ill A^L i- u aI I 

li$j average speed Łc^Jl Jd^ ^ U^UJI 

3^ J 2Lc j-uJI J dA-O 

:aJjUJI 

J 1 a*\ \ I j ^ f ■ J) ^ ^ A 1 l A^Ji Li.U_a1 I ~~ i . u l I d dA_3 


d jU x 1 11 4XjxuJI 

d f j.,,11 t \_o ^ .i.^l A. ^ ^-a]I A j In ^ 1 II A_C^_*aJI jld —£—0 i_ 3j- * J 

2Ua\ ^ J ^1 .instantaneous speed a jk^ Ul 

2 ę j .,, II (Jjjl-aJ d^JI ^_A A jlń^k lii A_Cj-uJI n ^^aa JI 



2 f J...1I ^jikJLujj La LjJUj <<L_JLc A_Cj-uxj dlj^AA 6 jLauj 
.diiij L^C.jJLąJlIII (AaaLuII) AaJJJlII 















ji iiffir— 


JjJLA 

^u^JI IąaUIs displacement 4_=Jjl j~j Jj*^ 

£-lo_aJ ^ .u a 1 1 A^j^JLto ^Lo^yi ^Jl A_joxl1JLa 

.average velocity <^\jy\ ad* 


d*0^ / <łL djl_iJI 4jdjVl = ^ (j ^^dl 4 c J,,. jl 
^ JiLk dj-^Lo 4_Cj^JI Jjjl^ JjUł Id 

d^d^ < ^~° J) l,u ^ ^ A_dL-o^.Vl A_fll_wxdl ^ Ą 4 \ 11 a 4 t'. ^ j 

^ JU1»VI pLdl djJLLuidl VI 




u- ;••"•' r* 1 ' 

;ju Łaj-* J 5 ^ 


J^) 






<ula_aJJI <ix jjujJI 

^ instantaneous velocity a_4l=JJI Uj^JI 

• 6 1 1 1^ j I J-fi-o ( A X & A i ~t A U>^ I J A (j ^ ^ 1 1 
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acceleration ^jLuiiiu J^h ^ś>*j 

j *juó jjxoJ) ^ vector quantity i+Ąja <(a) ^Laiu >^9 

,( 2 Lj/^) ^jl m"i II ^ULij .^m>JI SjLij Jj-*-a j-*-j ^jLuUt jLś j4"<ui a 




^j\ S^JłLlaJi A ~ 

1 ~ f JJUi J > X * A_Ls 1— UJ 

.L»-o o' 14 -aL^Ij 




4-lj-aj SjiS JMik. <-$-^$-aJI 4-ijlj-H AX.^>xuJI Jj*-o c#^"^ 

1 ,,.-n .angular acceleration ^jl^l £jLcaiJL; 

Ljl^Jl 5^>->} <(LśJI Cl) i-Ś^aJL; 

■.Jl, L^Lij <0^ (rad/m 2 ). £->^1 jiJI 


^jl 1 U.ŁJ1 ^l^il 

Ijjl Aj^lj jjja~'ll a^-iJI AŹjz*. £" j^-aj ( j-lc. Ijl a~ir I 


a =• 


dco d 2 0 


dt dt 2 


.uniform acceleration ^JiuJI ^jLuill t> 


3L_j_,3L=Jt ^jLu3j .angular acceleration <^jlj>JI ^jL-itlj 

,gravitational acceleration 


j 1 

a = at 
~T 


^ aj .angular velocity i^lj^l H^>all ^ oj óą^ 
rj .linear tangential acceleration ^U^JI ^jL-iJl 
coordinate system ^LkUl 2 jIjj o-° 2 -ś'-^all ^ 

,U)j 0 jj-a J-fca-J (_£ iii 


■O" 















% 

Sj-^LJI ^jl-LU_» A_ Ą J o 

1 f Jr> j ml 1 _ a . \ \ r 

2 Lj I f 9.8 


uniform acceleration LUr,. UjLuj -*n- ^ 

£-° LjjL«i1-0 A-CjoaJI Jjju J JJL-O (jjŚLl 

X S <^-1^ .A-iJ LulJI A 1 \ A j 11 Cj I J~ Q i I 

^jLx*iJ il L>f^J .duLj J JJL-OJ ^oj=JI A_C JJUU 

Aj J l_X-o l 1 j I n % j c^U j Li A ^ L ^ 11 A ę. \ \ 7 1 ^ U>~ \ ^ 

:A_JLlll a£^JI 


v = u+at 
v-u 


a =- 


t 


<LijjLaJI ^jLłoj 

^jL.ulJI jf) A_ujLąJI ^jLuiIj A^j_i jL^JI a_ixujj (^jJI ^jLuilJI ^cjj 

.gravitational acceleration jUili 

'—Ś.A_u^ajVl A_1J jLąJI Jjti s ^aJl AisjJLu ^IajI U A_uoI^_> 

J^jLuilll Ij^J j-ojjj .A_ujUJI ^ ^LUI ^jLwAIL L^kJ 


g = GM/R 2 


o-^M a 1^1 1 ^cL^JI aJUj ^LJI ^^LuiaJI g , 

A -^ j *a I I jj —*JI a. j uLJI cj-łL_j ^ ^ i G 1_ol <(1 _La 

a^5 cęu^LzA Il_L^» ^ Rj 6.6742x 10 11 N.m 2 /kg 2 

■ ^Lj j ^9.8 L_A^d5 A_1 jLj 2 a\Q A-i-i. M -s.i l i i \ 


O^J 


ś> ,V( 




















Sąjj jli <j*3 -ó^LkLi i' 0 ^“^ ćhH ^ UaJI j^' ^ heat 

.La ^^ Sj^jj ^ -v..i ^i temperaturę 

^ Sjbj heating (jjS.mHi) jij jV :L^. ,^» n *ji^Ji ^ji^Ji la-u^j 

J^.V jjjUi ^ djl^pJI 4-ą.jJ Ul ^ ^?>>i ^ ^iUflJI djl^aJlj djl^pJI 4-ą.jJ 

.SjLaJI ^ <UiLŁaJI ^l^ji 


ilaLUI djl^ aJI 


3jlj^JI ^ 1 j \ n^j 1 


SjLaS 4iMkl jl L^L^Lol ^ ^1 ś;jl^jl liLLJI fJUJI ^ f ljJl ^ >=J ^1 f-e- ,> <^U1I 

^ ,M-<„. VI ^L.^1 jiL.1 Jij .<^1 jUiJ.L£ ^IjJkJI ^ J-^ J ■'•■-' « J 

Joseph Black d}L> ^jy?- y^^ ^ jUjSfl oULłjJI ^ U- 1 ! Jj ‘f j> > 1 ' * 

Sjl^Jl o-LśJj .latent heat i_>_oLUl Sjl^Jl ^^ikll aj 1 ^ 1 .oLiUl ^ 

.joule J^ąJL; ^-jL-j^a. ^ śjl^l (_^UJI f ^ ' 0 

^ ^^ i \ a A \ 0 \ \ ^ \ ^ a^ 1 l**j V 1^ pi ^J J ^ < * »u ^ 1 ^ J ' 





.^LsJaJI jlj£.V jLJI Sjlj-^ ^ 

3>jljjaJI JLilii 

Uj \^Jl J_1 J-UI :Sjlj^JI Jl L UV 3-^1 J-L 4-j^ 
^LxiVlj ,convection ^jl_^JI J—a^Jlj .conduction 
.a , l ,^.11 jl^JI ^ ^jl^Jl J^>iJI radiatioi 

^Ls-żj^fl Lol JjIj-uJI ^ 

.Jojuj j 1 v_>l^c iJUw ^ 6Jx;i 




























LJ^-Jl iiLŁJI Jjjl-o ^uuy temperaturę sj^ 

a^-jJ • j^l J . ^< .u J l D U i_> JL1) oL_a_lu^JJ 

(jLfi L!l$ .pL_i_IuVl 6Jjj—j jl il J A ... 

6^ d> J j l .A 1^ ^ ( 1—0 p ^_UJ l ** 1 1 V l* J -V t 4 C JimI 1 \ 0 /S 

1 1^ <4j i-j JL1I dLljJI dl j^l \ Q * * jlj e. ^ t . i I 


3jl j_^Jl a_^j j ,jxi Liś 

(c^j-^O kd->L$_> j-aLs c> *i^jl_Laj Sjl^JI j ^LLj 


•cJ^J 

Jl A_^ Fahrenheit scalę duL«i^ aU ^U-Lo a ... 
Daniel ciuL^_» j-aL a J-j-jj-jLć J^ j Jj jLJVI ^ a li 

.1724 ilu, Jj^JI 11* ^11 Gabriel Fahrenheit 

32 ^_A pLJI ,. La^ \ A^2kjJ (jLfl CuL$_>j-AL ^jLuLo \j 
J 21 2 ^_A Ali j 1 f J <(e_fl) CLuL^-1 A_^jJ 

.(k_i) ccuL^Ij-aUj 

J[ ^ } < * 1 a_uj ji_s Celsius scalę j ^j, i ... ^uLJLa Lal 
’<s , ^±j xa Lis JL. j-Aj .Anders Celsius ^^jL 

1742 Alu, dxJ l ^ i j-A L l^u-aJ l ^ t Ll-a ll l^-L-a jL» ^1$ I 

100 A_1_SL>^ pLaJI * 1 r 4 -v j, ' ^ a . A U a t 4 \ q Jl^j "i v-n. 

pLJI JAJ ÓJi '-ki l ^j..l Q a .^LaJI ^ . i-. j ' 


J-^=> ^ \^^ j j 100 a_^.j j a\c ^ i4 * 

•o*^fcL>Lj 


Kelvin scalę JdS Jj^ Lord Kelvin J4S jjJJI Cj isi 
£jlj-^l A^ ( Jl 1£0) j-SjuaJI <d^jj J liu.^ t 1 848 Aluj 
‘(a-^j-*-^) a^j j (273.15—) ^jLui ^_Aj ^ilkJI 

■ÓJ^^ J A^J J L5^J 



^*j^JI ^jjLuaJI ol jJLujJI 

smali calorie (^^a <^>11 s^j^^JI^I) s^a-uJI ^ ój< ^ # 

Sjll^JI a_i^ L 41 L gram calorie (^ J3 JL£ ^1 ^jlJI J) 

Aj^.j J ^ I ij p LaJ I ( > _^-a ^ 1 ^ A ^ ^ 1 A \ 1L 1 

i^y-^ ^-LaJI 6jlj^k. A^jJ ^ya ^_jjU1 J J.\c, ,v\^lj i_iJ-o 

.iillS jxL»l 

large calorie (^^1 jl) 5 ^Jl ^1 ^uj • 

a_uo£ l^iL kilogram-calorie (^jJL£ ^IjlJ^Jl) j 

jljlaj pLaJI 1 6 jl^ix J i_i JHI £j I j 11 

1 J-^.1^ A_j^1o A^.j J 


^jljCiJI Jfu2>>UI 

^ Sjlj^JI JUil j_A conduction ^jl^Jl jsui J ^ill 

kil JlA-J Ali LuxJ I 11 1 ~vv a * Q . 4 \ 1 . 1 1 J j 

Sd» li \ J dł.^ Jl^ Jill J \ 411 4 c \ 1 \ jA-ul 

.^jlj^JI Juuajlll aJLuuIjj ^] jj J[ /yiLuJI ^LalaJI 
>A ^ ~ d^^k < l ^ (u ^ > A—c^_ul 1—i 6^ I l^-^J I £—i—o_^. Jad 

6J_iJ! JlIjlJI J^-a ^j_l_-ajJVlj ^L^UIj JudaJU Jj jLaII 
cUlju kjŁiaJlj Lal .good conductors Sjlj^JJ 

.bad conductors ijjsJi iij j 



^jl^JI Ja^JI 

(_^jlj^JI J-a^JI a1ujIj_j oljLlII j Jl j^uJI ^ą£. SjljjaJI Jilj 

J£VI jJIj-JI Jiiu Juli iula^ liij .convection 

J^- 3 J^l j-il>^l Jl JLaJI jl JLJI J i: j1_uj 

J-^-a J ^ik > L^, > V i-J^^k tja ILi 6 LJI l^aJI I a y \ 1 a \ t > 1 ^ l-v a 

aIL^ Jl ójlj^JI JlH A_j_LiaJI 6 j-A jl..." j .AllLuJI jJlj-aJI 


. JiLuJI Ji £_Jil^_aJI 


^LjlJjVI 

jILau Vj .radiation ^La 1VI ^ ^^aiJI Sjl^ i 

eJJI ^ Li i Vlj SjIj^jI jd^o juu ^uLj ^1 ^_Lc ^La_1VI 
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L> 




ia; n expansion 4j,^l \ < oljj-li 3*4^9 oijj 

^ -s ... u 4 „jLj i j«*i i i i jj« t ijj a ^ ^Lśijji ■ t*“^ * contraction 

Cłljl^lA^I Jja* SjLjj djljiJI AąjJ ^Laijl o-Łu^i 4-9-j^ ^9^ 5jLaJI 

I .^sS*ł J^s IS"> II JJLJ dJj j“<« «j SjLJI SjLij ^Jj-J Laa <djLaJI ^-} AŚUuaJIj 

.djlj^aJI <L^jJ j^sl a^y *«V d_^_ilj SjLJI j\^-\ ^ 


r- 

► 

► 

r 

► 
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r 
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2JLi> l5 _Lfl .SjLJI d-Lł A UJ )la 6jLJl JJ-cu 

A_j_il_j « I ^—o ^J5 01 \ 1 > > j-i J-A_ł 

^ 1 ^ ^I 1 ^ 1^«L 1 (| jIn* J -m I J- 2 ^. A^c: I 

Jjlj.cJl l—ol . dJj 'y“ * jj vH ^ 

< A 11«^ I J l^aJ I I ^ l jun (J-S I Cj 

3 lj) a' I j ^ I ' 1^ UJ 11 «J \ ł IJ—J 

j 01^ 1— 3 lJI .A—iJL^JI 

I jj "v *1 ^ii^l 1 (3 '^* * * ol i.i 

f- 

(£• yf^ CS* <j|-* 

j_ą£I A.Cj.^j jj jlj Jjl ^J[ oLLT^JLj 
. oljLiJI ^ ljj-<u 6ix| LaA 











AjsliaJI jLjjJjl (_£J^a SjIj^JI jl ól 

J_lJ^_j A_x^^aJI A_fll_laJI ^ 6jl—&J_A^ .A J ^ )^J1 

. £jl— aJI 01 i I A—rk <ijl——a l A ^)^ J—* 

0* SjLaU ,3 <Lu £^>i ^1 oLLj^JI ę-l^j 

^1 ^ sJ-^j A_j-a£ ^ (jjj JJ-aIj 

A_ 1^ ^ A_^.^J ^l__k_»^l ^ <a <^> 6jl—a_J_l 51 - ^ >-> 1 

6 jl—«a_LJ ^_La_JI JJ_a_L_ll <J a!— X —a ^-LJ- 


.coefficient of the linear expansio 

(Jl)l ja il ^laJI JJLaJI S jl_J^ jjl-fl |> J-^1 j^ <*J 11 A i tu. i 11 —i 

diljj .A_a^_all ^_A ^^^.11 SjLjj Ja <A ia.a1 

^UlSjI JJiLuJ 5j-^j '* 

<lj _A 1_ JJ_-o_jJI A-a_a_^ J J^~ 6J—6^1^-^. A__^.^J 

jl volume coefficient ^^11 J-aL*-a L^Li Jlkaj 
coefficient of cubical ^*<^11 jj-a^lII J-oL^-o 

.expansion 

l(j <a* v * IaL_j_jjVI cJjt-*-ll o!— 

jj-a3 J < A al oljl—*—II 15 J > 

C)ljl-*Ji £-a-aj^J A tu \\ ^_A J JaLII J-aLx_aj 

^^^1 1 j^-a 273/1 ^_a^ a_jjLxJI SjIjj^JI 

A -y ^j, \ ^1 1_a J \ C. Ą-JJ) 1 all j Q i ! I A__^^J 

C)IjL*- 1I A \LaJI 6 j-A jl ą\c.\ ę2 jij .Sj-^Jj 

{ ^yj l j al 1 ( 6^ 1 ^ 1 1 1 ^ ^jl^_j—a a a \—a j \ C . 

.Sjl^Jl oUjJ absolute scalę jlKJl 


.a ,jj 11 (_) 1—J o I aJl->o J i> 


J^LslaJI jLoj 

.A^j^Lj ^ \c. ^ J J-alJI J-aljL-a ^J^JcJI JJ-alJI J^sLa-a ^J| AA 

^ JJ-alJI J-aLs-a * 

— - — JJ-alLlI jJ-al_X-a !^l 

3 ** 

\_j ^ lc A \ 11 V1 j \ ^*v 1 1 A t ę. \ .n c*\ \ A i 11 O ^LaL»-aJI ^JLc I <6 J1—a J J-oj A Jj J^*» 1-fl 

.Sjlj^JI ^ Jj^-ll 6 j^.jJ l5 -L^VI 


J 




























oL^aUlj jJI 


(>h ^ LŁaJI J>=^ thermodynamics iuji^aJi cjUaUjjJI 

Sjlj^JI ^jLi <LaMxJI ^yiuLcul J£Jx j ^JLaJ (_$-Aj .^ńKjJI JajUIj SjIj^JI 
J_»_a_ll <łLLjI 4_aUaJI óVj_aJ oLjj 1 ma >_ą l i\ a Sjl^aJI Ji &". '.i . * 2 3 "« Aj & < ( a 1 1 

ę> 

(jjjlji l j» 4 ^ wŚj-*-i <LuaLak ^łjIjS <L*_jjl «Lijlj_aJI CjLlaLIjjJI ^ aIj .^jl j_^j^UljjJI 

.Laws of Thermodynamics 


<L}jlj^kJI CiL^LjljjJI (jjjljś 


j/yi jjiiui 

(jl First Law JjVl ^UJI c->“=^ 

<1—I l <S I^ 3^ V 4 c l U. I I 

^jJ>l_5 Lc LcjJi I j_A 

Jj^aJLlI ^1 JjJLlI 3^-^ LJjt_S 4 cl Uli 
3 1 ^lU \I 4_i 1^IjJI <Lii 1 Ul| 

^LUJI l,^ <"v ^\ 11 4 c l Ul i 3 -*-* 

Ij_a L^ ^ 1U j ^JLlI 4_alU llj 4 U j -v ^ 
.4_i U i -v > Uo ^ ę- 1 U \ 1 1 


jjjLLII 

Ijl ójl>* *-lL^. ^ ól Zeroth Law ^^jLUI 

( ) ^ M 1 1 1 LI I . 4_l_j^Ja A j \ - ~ ij J ^L^ A_j_)Lj Ajj^l^ji. A ^ ^ \ ,- t \ l *\ 

iy (ę)j U) ul-* <(j:)j U) u. 1 ' 1 " 1 ?' 1 u* Jź £-» cSjL^- aj'j3 ^'-=>- ^ 

* * * 

.LaJ \%\ L^-a ^jl j-^ 33I3; 
V *jL>^ = ® '<S^ 

C = I 6jl^j 

JT = ^-> £jlj^ 3S“^ 

3 ^^-A 3!-^ ^LU_> ^ j-=^ aJL*. ^ 3^-°^=^ ^\» -a.) 

.1,-fa A ^ > j ^_-o 33Iy; aJU^. 3^LkUl 



2 E= ŁJLklJI iiLLJI 1 

E 2 - Ei = Q - W 

ijjljjiJI oU^cLlj jJJ JjVI j^iliJI 



.A_jjljuaJI oLł-oLljjJJ ^j^u<aJI JjjuLłJI 
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&JLUI j^jULJI 

>^llj entropy I ćJOJI ^UJI ^L*.* 

^UkU ^jl^Jl jja^ULs .^LkUJ absolute zero JlkJI 
aJL^ Jl aJL^ JUiiVI J[ <_L-o jjt La 

A_i_ući \j1jz I A_^.^J ^_a ^3 lLi,al 1 ^ o < I .JU. ^Lla_> 

Jj^_ł Li —>.cu^ ^ .aJ a_xlj_s j I JI ^ 1 L v 11 La u** » 

^ iLM l Jl^ ,J-u<a^UI s\\ V A_jjlj^JI Cj Lj-o Llj jJ I 
A_jjI CjL i-oLi_» JI ^ljp_iI ^ \ * j I j_A (jV ^ l^c (JfLuij 

J^L* J ^l» 

<JłLi ^ 1LU1 J| ^ 1 L V II \ \->w A_jl ^y^±J IjJ 

.Aj A^i Jjl Jl ^jlj-JI 6jJ^i 
j-fi-L^sJI JJ (J-kTłj J ^l ]r\\ 1 ^ya aM UJ j 

finite ser i es a ^ ^ \ \ .a a_LuJ_uj ^ ^ ^*1 o - ^ 

.(^LulJI ol 



ijjlj-^JI oLxaQj jJI jxiLii J-iLuj ^ 

:thermodynamic meter ^jIj^j^Ll^jJI ^lJ! (1 
^LkUl parameters ^}LaL*-a (^-o ^1 ^uLłU A L uj ^ y A 
^LJ calorimeter jjuJI Jia <<jJ ^j-al^JI 

.^LLkUl J| A il < A Ul A_*-a^ 

aJLJ i;>u Lj ^Lk: jAj :reservoir jj^JI (2 

A * i >U j ^^aJLlI ^fLaj AjJ UJ j J lU\ll J J-aL*_aJI 

^ > J> .^ H (j- - ® J—$—* ‘(jL>^^ £—° eJ—a_JL_ll 

^LLo Jola^ ILi .^lIrt\ 11 ^_sLi_i ^ Cy- 2 ^ cj^LoLaaII 

-« 2 » 1^°^) Loj La_wj Luj I Lj^J LlJ J Ll JJU 



^jLUI j^jLLII 

V La ^ Lla_) A_j I A_JJ I O Li-a Llj jJJ ^ LU I L5JI 0 v^ń-J 

A \^> A»^.^ J ^j-a I ^1 A_iLLUI J^ii jJ 

(J l m VI I J_A JUaJ ^^-aj ^511J . A_j J A^U Lc J I 

._lj| ^LUa^ .(Jl aŁ VI ^-a Lc^_j ^ 1 L \ i 1 I jl ^j! 

A_iLLUI V (ujjiiu A_jLi jUJI ^LaJI ^y& ji jAJI ^a 
3-i jlnj < A_ULc. 6 jIj- 2 v A_^.jJ jJlX. jUJI £■ LaJJ A Jjlj^H 
IM i*lI.M a.a^\ a Sjlj-2i. A^jj jlc (g jJI (g -U-l-^.11 ^ł_*iLUI 

J jj jl La J-a£. jL 2 kIł| Ja_iLsJ> ^1 LiJjl 

.A_i^.jLk LjŚLL 



E h 



















£* jtLauu SjijjsJi Sjl* combustion 31^1^1 

Sj.lo£ j.Ąjl SjLaJI !jXj Sjlj^ 11 J) Iha J&L&J jA< A~1 . 




t \y\ 

^jJI j_4j :complete combustion J*L£JI 

^yQ J j JJ£, AiC V Li O^LcLalLall A_ą_S jji 

I ^_jJI q! \ 1 iaJIj .oL^J_uJI 

J_u-u^l ^ łjU*j ^Laa A .A-Śj^JLaJI piVl 

.^lJI r^j \ ^ J~ \ 1 1 W,xXl 1 I l_LjJoJLj^ 

^jii\ \i* :incomplete combustion J*lill jl^Vl 

A_l_$ ^Jlajj . A_Li_Ls A l ^ j fl 3 ^ i o-° 

.pLol!j i ^^LIj £ o}~y VI 


©- 

















^ ggs ,u rbine ****** 

J^Yl lii. ' JJ ^ SUji 

lnlernal c °mbustio n i,,'[J U ™ n 9 'urb/ne 
^ **' C.OUJ, . u “ - ^ -engine 

^ 9aso "'"e pfe, 0 “. ^ ^ US 

- j -’ UJI o^Ł łA 

■engines 




4 \ \ J-o O I 


ćy> :smoldering 3131^1 



^ k_i$J cjj 3 !^> 1 ^VI 
I j_A ^ jJLjj A W a Sjlj^. oL^.jJ 
aJs l VI ^ Ir jaiiLi-o ^j^ d ^ 

.j^SjJI £_k^ L5 ir. 

^sjj 4 :rapid combustion j^uJi 331^1 

£CJlXJ £_J^uj .fj TG L^lj! 

A_j^l^^JI A—fil kJI 3—° 6 ^-i-i—£ p i * a ^ 4 \ r 

* 

UL^I L-O^ 111 ^fi A 1^ a" aI I A t ^ jj < A 1 1 J 

ol^LiJI ó-a i " i 1 t 

Jlj 2 a.VI '—Śj-»-dJ <C 5 J^ U^3 <Q£. jilij Jbt 
.explosion jUJu^L. JLJI 4 , 1 * ^ 

thermobaric ^jl^Jl u ; .ai i ; 1 ... L, 

.LfLi-iU 31 3 ^ £^JI li# weapons 

turbulent ~ «i ą » ji ^j_HJI 31 

dJj j-a, ę.j U ,^ll 31 _>i^VI :combustion 

* 

•0—^L-a—a —I 4 . 1 C 0— 1 , '1 J ^Ul 3 Lh l ^'^I 

łLh 1 cA.daftC. ^ ^jikJLuujj 

^^fi | Ji fi . fl 1_^ | jj ^ lj ^ V I 6 J L-J OI 1^ 

^-^-11 O L fi \ x 1 L$ (A 3 C 1 \ / 11 O l_fi-jL_i_klJ I 

>a :slow combustion u > n 313^1 

• 4 -^~ł ku Sjlji^. CjI— 2^.j J ^^fi Jj,.\..^. j 
d-*-^-ui_ł ^-A ^k SjLJI ^ l^k IJ 3I ^ Ą j) 

. l^.^kJ I A t**> < <« l^j Lpii£ 































ui. iiUaJI 

% V 


.iiikdj j^i ^ non-renewable energy yŁ ^iibJi 

jjl_ua.a .Sjju^a 4 j v aj 5j,IŚ LjJlj i "i < ul 1 j 4 1 ^ ji LŁ^LajI 1 j > Lljl (j£ a j 

CjUŚ fossil fuel <uL jihll jUUIj laiUl^ ^J^ajl ^^ .. 4 JI 4iUa.ll 

ijA 2 -l ,,.a",aIIj aLIa-aJI SjLJI JUjHI Ja Jl JHuj ji$ .Sj j Vi J l jaŁ 4iUaJI jJL-sla 

jŹAj )I <uV ,Sjj_HLa jąŁ 5jU . jn<*JI uśVf Ha CjaLa <^1 4Hlh 

1 ^ 4ufrJ 4 XjjjuJLj 1 j aAj^JLJ 


^ * i lira II jUlJI JSł Ł j 

LjLLJI <> ^ » j >kJI Jl-JLJI J<Ł.i 

~' 1 I ^ ' 1 j) ." 1 1 " 1 t '< 1 1 A 1 I \ ^11 

Ą 1 1 ^ ~ aII jI^aJI 6 _1 A ^ CJ J 

.organie a_;j _II Jj^JI—> 

jljJl caa .-■!< ?•■■ j_ś j matter 

oIh-Jo 

U 4 .Allj Sjl^^JI J —ij A —a^aJIj 

^Jl 4 ,,. . ~ ^ ^ 11 A_jj),Ax II jl^aJI £j j_A 0-1 j)^ > 

-g ,*- 1 . 1 ^ jLć-j (Jjjj-i j 1 ) c5>?-=“- 

.JjjlJl pLilol I ^ya ( _)j-Lll_ł SjLc ^j_xjJcJ! jLiJI 



^ * i )Ł^ 11 jUUl 

.a^IjJIj ^jJJI ^j-c jU. natural gas ^kll jUJl 
c^J-9^ ó-* (SJ^^ c5j-^' gjj-^ J-^j 

^ jcla-uj ^ J ^ ^ ^ * J 






O* 


4 A U < A 




. .Ul i \UJI 


±J\ j-a j l ~ _-^ ij) .methane (jLLąJI jl) jLląJI 

ch° '_Ś-J 1 ~^J) < A (aj \ II I OI 

A_jJ)j_jj^jjj^Jl oLi£ j-JI ^J-LLuuj -O^JJ 

J J 1 j! ąLjj ^ llj Sjlj^JI ^Ll_jV ujLujI 

A \ f \ \ . ^ \ 1 lj_J_SLo ^ X J lilii jLsJI olj ^ J 1 1 

c>° X22^b 

JULII ^ <JL^VI iiUJI 



ajuji 










































Jfiwiifc*:- .. . 


compressed natural 


■bjJUAoJl ^ x \ ih 11 jUUI 

i il~> 11 JjUlII I \ a. ~. 1 SjK a s 

a . . U i .^ ^ x j \U jl_c j-Aj .oljL^JI Jj* fh"\ 1 j_> j^5gas 

.cylinders oUljk^VI ^ j: a_~oLl oL»I> c >^> ^ 

" * 

V (jL-Ś I J ^ X \ \U 11 jLjlJI i^ya 1 ->k Jjjl la jJ»_lAJI ^ * i t U 11 jLiJI j 

jULlIoU^k-J |v I J A- " I o JJj 1 u^ąj j J j t > ^ I j > ^ \ 

jLxJI ^1 jAJL-ul ^JLjj .UjIjLxuj ^ Uc (J^ŻLt > Jo ji . A Jl ^ v i U i I 

Cj \ AA UJ IJ £j ^U LoJ I £_juj IJ 3 lia_i ^_Lc Joj)> t AJ I I 

* 

Jj-SjJI jjU-^-o J^.1 lajJLłJa-JI ^ \ v U 11 jUiJI .CłljU^uJIj 
j-o iiK J5lj ULJ I alternative fuels ^jJI 

. 6 l^-ŁX» 


.(J^LiAi ^yX} ilr> jLć. <ł J-flLi ąl jl Ą) A_j_LoI <_SlS \j^a 

J^LuJI jUUI 

3U liquid natural gas J^LJI ^ ^ >u 1 1 jUJi 

^ ~ł ' Mj l*\ II 4 ' 4 Ij J ..." J: I 4 1 ' ' a" t>U 

ę* 

e-UaJl L ^ j-ł Jjljź (JjUJI ^* U11 jUJI 

.^JUlJI 

< *— q j U \ j Lć A^ I (d-* UJ I ^jljJoJ I j UlJ I Cj cJ- 0 ^ 
i^l ó^j (_s-^ jS jj jj^> ę^l <J o-ąIj 

I J < 3 j ^ < A-Cj ixj \ j y ' A_j L_s ę. I j) ^ 11 

i j1< J t^y^} J^UJI ^jljJoJI ^UlJI^ Ul c t ^| Aak 

. JUI 


(j-o ^LaJl ka\ll ^IjófcJL-ul 

• Luójl j -V tl i (3 La£,I 


, , , J 






























wUiLbJI jjLu^ 


ji 3 « ; «u 11 Z-LAJuk jjLaa renewable energy sources 4 sUaJi 

J a<"■ “ :) j \l a II J »<II j tLxj.ila.JLa Sjj4 j*i a j 3jl& JUa I j , i1 j K i tn 

.(juAulJI ?-y~ć> j j <LijUI j oLjLlUI jjL^uJI 







<Ui.gAui II i jjiJI 

VI .solar power a^ażJI SjjUI olk jj^-o ^ ^^ażJI 

4_4 Lkl I . Cj 1—S j VI ^l&^i A_3k. LLo O I ^uaZoJ I 4_j 5 Uo 

photovoltaid ^ LkJjkJI a j ^.iJI 

pJ< » a_jlj L^JI ^j \ a i i ^ .conversion 
i*U j£ j ,photovoltaid celi ikLUiji A_tk> ^^UJI 

4 \ . 11 a fi. 1 1 4 _j^ 1^ ^ ^ 11 o I jJ^aJ I aJo-uj I ^.j a_lcuaxoJ I y.ft-l I jJ 

aJLL j ^ »/; .solar-thermal electric generators 
f.\ £jJ jUI C>LklxJI £_fl J-i ^ 3JI jLkaJI £ LljV 


iiiu^ut II wUjIjjaJI SjJiLII C)lh"k A 


solar thermal i^^iJI a-jjI>JI SjjJlII oLk^ 

.^Uo jlŁu ^Lj^SLII jJjil aj«,aźuII AjśUbJI power plants 
solar thermal a j ^ tu .II a__>jI ^Ul oLJUJMJl j 
a q ^ c. .jI.^-lII IjJj-o iuLu, 6 ^ receptors 




A j >I^Lia AjjUa jl Vyll 

.4 lV*JL> ,3 ^JLo jJIj-o aJcuxiIjj 





















ji 


iiLLj/ ji '] L4Jl ajJ ^ JI 

^i >■* c> J Jl J . , ^ *jJ-iJI 

^ u-a (. L»j_iJ| . ... 

^ AhU/I 6 v, .._ 

aj, - ..f f ^ 

uLSj 

IjULO L|,l . . 

>827 <i. Benoit Fomeyron-^ J ' i 

y U " OJ^H J>s 



. A_u^i^ 4 n 1 U> I ^ a A_lL^ 


4-ijLaJI 3jjiJI 

c£j^J^ ^Loll 5 jjjłJI lA^^j A-i 1 ^r <JL<JI Sj .\oU i \,^q \ 

£j^j .J-Joj A_1u^Lo A a‘tf j_> j_> / j 

^LJI Jj-i-j JjVl AJLjJsJI J .A^Lo^_£JI A ^ U \Vl i 

^ixuj jJI a_LlxJ! oIJ iu J^ li r > *.A jjjxuJI J ^j^aJI 

jt-P * J Jj .^L^UI gilii Jj_JI 

^ Lf£j--v ~i i a_LljJI oI jllu ^_1c j d \ 11 

jJ^j L^ 1 % \ 


<Ljla£us LtaJ JlII LjiLaJI Jx, f ^ A 

Ji SjJIjLi- 0 A-flUoJI A_LJjo-»llaJ Jj*}\ Lj^L iJI J j 

9 - 

J J L^oIjJiJLujI (JJSLajj < *\ ^lll a 1 ^ m, <3—Aj 

^ ^^ Jj^ Sj-J J[ Lj^LaJI 6 j-A ^Uy; Vj ^LS-o 
oLaJLLo <LJ A^j^LLaJJJI Lj^JUJ! jj^ Vj ,A_Lij 

VJ jJ-cl*_j V l^_J VI .Vjl 1 Jjuć* Lj Jj "i .w" V 1 \l 1 
a^j,xc a_J^śLLJjJJI Lj^UJU <£jUJI oL^LlJI J 
.JJJI J jl JUJI ^uSUII ^LIjI 6jjLaJI 




















2 —3j 4 j}UaJI jjL-AA 





^_lc S jl_£. . ^ ^ ^ I j \ ^ xxi 1—^ ^-L_»jJI 5jj-5 j_1j—> 

\ qj .^Lłj (j ^ L$ J[ L$Jj)j LjjJI i_flLL a $ \ *.J1 U ^ i 1 j j 
3 |j_LJI J_jJLiliILl A_J_j^k 01 j) 1 « aj 1 ^1—ł^JI 6 j C^-oJ_^JLwjI 


4 \ \ l I okk. 


.A-aJ' < 


a, ii^ jVl <LjjJaJI SjJLII 


SjjUl jJ»/vo ^-A O A_jjij^ll A-jjl^aJI aJLLJI JXJ 

aa .geothermal power (a_ 3jJI J) a^jI^JI 

jIj-aII J ki-31 C j v> 3lol_La]l 

1 ^ \ j-v % j fcLj-all 3 ^ <Ai J L^a ^ k <x» 3 -0 A_i-ij_S 


•J~ Jl 


6J-A 3-a c-), j- 2-13 A ^^^1 A_jjlj-aJI 5jdUl oLk^-a 
2 L^ a 231 4 wn" l5 -Aj <A-xflJ) Jl óLyJI 3-° A_3kLuJI okiljiJI 

p * 

^3_a . g. 3j ^11 Jj-s Jl 3j^ ^ ^ 

J \C Jjl—jJI 4 -LcJI ^-uaj A j <kjVI A_jjljj^JI 6 jj—LJI uLk^i 

JjLJI *LaJ! jVl 6jlj-^ e_9^> Jl J 


j_J q\ VixJI Jll jLk-JI -j^HJ *Jj^ Jl 

4 aU\ I ^HiLi-a J< 3 > SjJJaJI SJ^ J \ 

j l \aI 1 4 ^jaII <lLsj1J! 

Lardello J^jjjV J Jvi ja^ 

,^JL*JI Ajikjl A_ijlj-^ Sjji A U^ -a Jjl LJLkj[ ^-> J)’*> > 
3 1 U 1 ń-, 1 1 ^ jl J_> c_ŚjJLj A U^.ą]I £-Jij-aj .1 91 1 Aluj \ > kj 
.Valle del Diavolo (Devil's Valley) 




► 


^LijJI q! a 

.(u I£22) itLJI ^ Sl- 14 ,> JS 3 V C L>JI *r*j 3kLk ^ wind farms C L^I (^jl> jl) olk=^ 

^JUJI oLikiJI wind power j-l^l s jś g^is ^1 ikW oUi*JI ol^kc j-L^I oU^ 

^. i ...<- 2_;Vj ^ Horse Hollow Wind Energy Center^ ^ ^JUJl c Lj ^ U .^.Lj^l 

.^Lc. J£ Jjlo 230.000 J k^k>4^ 421 (jj*-* 
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iB ay ot Fundy ^ i 
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jji >Jlj ^ 

^Li£ oLUa^JI j3-^JIj J-dl CjL£jj^ Jjlla 

j-aJj .<l_^jVI *j<J\ *L^jl ^ Ljjjj \ jj 

aJLLJ I^ a_iLa^J| jJ^JIj jJI 

< ^-*-° (J-^» J jl &Lydl v_j ji «*j \ ^> ^JłajI 1 ^ K o i a_L j_j 

O LS LLaJ I A_fl l£ ( xi.j ^j-o l . <Uł LLaJ I ^ya v \K <La-o^ 


Li 1 tidal energy jJa^JIj jdl &j j _=*.^Jl 

V ^ V ! -'ktf* 11 C> Jalj LLj-o 64.000 


J^IjoJU j-JI ^ ^L^SJI jJ^ll ^JL*JI 

óe-? 3 jLL 1I j^-LI ^ilu *Ią^_£JI jJ ji J a . wo^l l 

AJii-dAll jJal^JI .La±Ł 16 JIa V LfA-s 

^ ćlh A_jjJ^J1 4aJa]I aJLUI w 1 j~ 1 

• ^- ^ j LJ!La^^j^ IwLO j) * 4 j) Sj^aaJI 


J^jLLVI 

j j j^UI cLLu, <<sj±*> ethanol J^L^yi 

(jj]\ jS^A\ Jj^LL»VI J^v»j .6j>A^ a^jIj 

> \ / OJ ę. I ^ I 6^ jJ 6^ jJ I Jaa-o 1^ Ó -0 4 \ i r ^ J , -n. > 

L^JIj J j ^L^VI ^ ^LaaI Lo£ .jjVlJ £L-aUlJ j^uJI 


UlJ • iAaJI JaI lj J a<***> l ^a!I LaL lLł^ ■ t^.-Ń. 1 \ + 1 1 

.J-ujIj JLLa ^-Jx. Ja Ja Jji^ J JasJLaJI ^^a_aJI j jijJI I JaŁ 

unleaded j^i. ^j^jUJi y, J^LiiVI 

ji$l ^Vl .Jiill ^^. . m j gasoline 


.j»JL*JI JaJI jSLu ,j 
^1 £y> ilJ JI ol^LĆ /25 JSI Ć. 


(S^- J > S J| 

< t> \ J 


•>U Jii 


^I^aV| <JUa 

^’’ ;> ^ '~ Łc t ' (_yj^ AaLUI ^ye <Jjl_A oLj-a^ ^l^aVI 

(jl ^JL*JI J^Is oUaj^JI ^ljjłV ^ 1^ I ...I I 

iJ^.ljjJI ^JAJ .SjołJI ^ya islj { » i< J^ąLo 3—2 Lo J^j 

s^auJI oLV^JI ^yjŁ ^ wave power ^l^^l Sjjl. iĄAJl 

u U LJIj UJ JLa_J j l _i i j^AI j j ~, -. j LjjjIj 

—JI JaJI JLaj a^ t - ^w ~\ol l CjI jVjJI 1 . I lj~...lj 

.i^jJI sjjiU ^Lul oLjU>I ^yJI ly.^ó .lK! 


^*A,. y n *^1^, ^ 

r^Lh , 


^l^a^l .~>l U -V a 

f'j*i-3 ^ wave farms E ll^l (^jl> ji) .-. m^ 

Oąl; Jj .uLuill t n aoalsca ^1 j^.Vl Sjjj wljtl 

Aguęadura Ijjj J^£l ayu ^ ^juji ^ ^i^i 0 ll^ j \J 
Jjj-a <j| ajuJI j>. jaAkoj .JL l:jJI ^ j^JklJl Wave Park 
Sjjią j^aAj Pelamis SLa^JI A^kjJI i SI uh 

._ |_I ; L_ii ^jkŁa^L-Łj ^Lla_j <■ ' -ń. ~ ...^j ,^-|j_*VI 
bjjl i S . I Zj t kT jąjL)VI J ^-«~l~i j < ( _ > AjlJI l ^ .A-» i; A l.^~ > 2 .X j 

.a_5LLJI jaJ^aJ w-v^ JaI£ a U,.. I^a 
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J^aQjVI ^IaaI ^ \tS\ A 





































.force syju u iLuUjoa 4 ^ y* ć»^ i* ,AP * 4 * 43 *^ iSLbJt 

State of rest j^£udi Ajl* j* ^jj-^-i i* 4 -*' 44 ^ O^i 

iCifc jau jtjin jl <LU£ ^jLauIj lj V 1 1 " 1 U* ^1 4-^ Uj^ś 

.dLaJlj jI^aa c»Jj ^ $ •>~<a < '-aa£ 

* 

a jiLII p,ljjt 


ijjjJI i 4\(rf—.Łaą-ikJI j^Ś t)^ '- y ° 

^fc(Laj ^j£. 4jA_lLj IJ1 La i _. 1 m"fc i (J j 1 11 J O O- '‘~* r * 

,jjtLkiA j_.*-... ? non-contact ^Lu ^ jt jl contact 
contact forces ^-LajJI ^j-ś ;La^ ^Li^aJI jlj-*j 
.action-at-a-distance forces jaj JaaJI 


ii < j ;LJI SjiLII 

reaclion Jaś jjj action Jaś Sji ^ normal force A _n_>> kll s^ŁJI 

* * 

~ U... 4_>Jj_a£. Lajlj ^J-Aj .Łj^ K‘i-^ 1 Sji A-jl *_jLi£ ^ ÓJa] 

mg w ój>" Lfil L5 lc. LjAĄikll S^ill .^Laill 

<ąajjL JjLajj «^iiVl JaiJI ^ 0 J^'- a c^“ ^ 

4_}jaLaaj 

Fn = mg cos 0 

.<_K»y>n .£>* Jl l^ij ^ jM 1 9 


ę 

juLaUI ^3* J 

4 i Jl uAJ VI ^1 4— ni A) ^ iii ^I I d^-AJ J—II (^J-S-ll —A 

* 

Jjlf t a~* Jj) j Jjj (3ąa 6>sJI * j-A g^L*J .a^Lla 

/p j j~i ^jjLS ji*iu jl M .LjjL>J)ąS I A j i ^ łjj Jj^LuaJJ 

ujś ó' Newton's third law of motion liJLUI 

JAj^j 4 ,.XI a" aj <J^1 1 1 i *l a oLaLą-iI J^^J (_>"LalJI 

LjajjUI S jśi\j tension jiJI j friction dt£i^VI ujl 
.^LaiJI ^l^1 ó!^ normal force 

■» H<-.^ Vl SjA 

jąa ęm ,^jJI force of opposition jL-iiJI iji ^ 
6 J ^ fl‘j j [ *■ ■•■•^- Ii-l MU I—A ^ i a Ą ^ L iai J i«*ll J 
Ja\% j j .resistance 4 _ajL-ŁaIL-. L^I—UI j' . a~i_ . I I 

4 -Vj Ij J 1^ L ...II 4_A_J_J_lo 0 1 C. ętlLjJI dl ^ ~i -> *VI 

dliLa.1 LuajI .1 Ad i Ai« i La^JoIajAjI 

.static friction dlli^lj .kinetic friction 

jJjJI s ^ 

J 1 1^1 1 J ia1 )laa A a ! a £i 

.tension force jidl 5>Ł> c$»Al fL-ą.1 ^ J—^LJIj 

^ ,11 "I-1 1^. I UA I I ^JUA=JI aLąjI LajIj 

.6A^Jbt jjl J-0 

ol J 1 $ ŁO&J 

.Ą_iA ą! 



























JAJ i> JaŁII . o 

Oi *"'? L>±i ^Ll£. Ją.>! (_yJ.ll (^jUl (_y£.jj 

.action-at-a-distance forces j** je j*i]| jĄeHi* 

(J . 1 * "O N L*H V_$ «^lj_S_)l J f I a ~ II I j a , ł -, ' ^ , 

5 >^b <<J-! jLąJI 6>ś :J*-j Je. JtUllI A_liJ ^j ^Ic l «-J l 

. a-j_» i .;j) o i i ^ 1 4 ł i u> i \j /\i i 


•O u < f>r “' l LfcJ-JJ * r *>iuj Lfjljljuł . '<1 J<ll ^ ay 

AiJaj jll pilili _jl i_jjLąJLll ^ I-ł'l , J Q<II (^^iJI 
.A_jJL;^£JI <_£jJL!I Ą •,-> r„ll J . l—o ^ r.. * 

.al^lJlj oLjj^j£JVI jjjj AjjUJI <^111 *ia Jl±«£ 


«Lij jLpJI 3 ^ 

c> <^LUI s^iJI ^ gravitational force i^jUJl Sji 
iS *(£>^^1 <^LaAUI ^1 j^.VI <L_j_j jU^.J A _V ,A jVl A_i_i jLaJl 
^1 Vlj ^lj^.VI L $ J l jju <_i_a jLi. (5J-S a_ljL-^JI ^1 VI ^ i 
Sir Isaac <^>5-11 ój-a i>j 3 Li •—.^j^.VI 

l?* JaiIiS J£ <jU ŁijjUJJ .Newton 

> j .A_ijL^ aŻj ^j_Li l <A* j Lo$ ,Ai i g. 1, A o \ I 

:<UjLxa]I ^j-o 6^JaJI 6j-A A-o_l5 

P _Gmim 2 
r 2 

Lxa nri2 j mi t(^j .iiIL o°^j) o ^l^H *ji-ll ^ F 

<( f Ó^L^j) ^ ^LUIj JjV| I^ąjj alUrtll 

G j <(jU-VL (j-LŁs) ^La ^.j^, j±> Ajl^JI ^ r j 

.(6.7x10 -11 Nm 2 /kg 2 ) ^UJI ^jUJI cjU 



S^iLII jxjLji S 

‘Newton ^^ill SjUl ^Uil ^ 1 k\l l 

ijjikJI Zjli I <gL j^I^JI ^J^UI ci ja-jj (N) ci^L aJ 

^ J^lj jlo jlj-loj A j.^ I I J-2aIJ ^Ij_Ć j 1 ł< ^ j j ,,.~ ! 

.A_xjj-oJI A_xj Ljl) I 


A-i<o j^LulaJI S^LII 

A-. j < aj j U L \ i , ^1 1 S>ŁJI ^ > LuJI ^ 4 (j j ^ r.. ^ Ąj 

^'-04^1 Ao-łjUJI ^ Lil^! magnetic force 
^ momentic i^o>Jlj potential a^I£JI i^lslu ^i 

A-i ^j l n L>jLJI S^UI ^jU lii .Liloj ^j^ULijuJI JiaJI _,1 ...^ 
j_Ja-JI ^bjl l^L L^JlC ^ajLLJI - J r.. 

•C^>^VI < W M . l l 4i_L^JJ ^.«AjjUlijLo Jo^ > 4 \^ r.. 



6j J^JI ^jaŁ i l rt l i « -o Cj VLlŻu 11 . 


. a_ixluuL LjlJ I 
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IlA <»H 4 -lcuUL; U jl J±**± motion ASjaJI 

<( ^l^ y* temporal Liaj ^ spatial Lh^ >j^ •f^ JI 

.^^Jl 4x jjjjJI oLa^usL} l+k* ^JA^' 6^>i S*SJ 6^5 


2 ItCj lj SjJaJI (3f-? :^Lln jj-jLAJI 

dljj-^Ll J_i£l 6ji ^ A^UJI ^>=Ji ^Lh^J 

.L ijj * ó^ l ^ L$J d^^L> L^utkj iiL^i-JJ Ja^ 

:A_JllJI A.iji^JL> dlJ j {jc. JĄ^J 

F = ma 

m ^u-=JI A U£ 11 4ja_j_kJI SjJJI F ćua 

.a A_1A jL^JI _ ł * "» 1 A_C.^I_uaJ^ 

j-Aj ,£^_iu aJsMUI j-Aj :Ć)JLiJI jjJjLDI 

aJ (^u^Lsl-oj jl jJLaJI <ij jL iix-a Jj Jil A_jl 

A.jjLlua-o aJ jLiJLaJI ^jJi-11 J^-*-sl J^-*-^ cjl t£* .6^20^1 

.^Lu^IjlLo oLaI^I ^ jA*uJ ' (j 


\ ■» , A j ^Ll I <L^ j_^J I J^A-ł I J-iS A U. AJ I J-i i Lc A^ I J J-^-» 

Newton’s j^U jp^ J^j -lP^h 

c > .^jaIUJI j«L«Vl law of motion 

6 jiJI Jj_LA ^AaI^ 5 A_J^Lł (J -0 

.6 ji-il 6 j-A 1 fl A A L P-II ^ J-^b f « ** ? ■ lT^” A 

AJLJL^j JjJI j ^. aj ^ JI ^jl ^ 5 -^- : 

~ * * 

A "*• ^_UJLJ ^_lc ^ j ^ ^ I—* 63^ ^ J 1^ - k3 J o' ^ 

J^LJI ^-LaąJI J l£df—ąJI ^yiĄJ 

LAjI dJ j >_ ś^jlj^ 5^5 1 jlc . ^3 jl^> > Ll^Lw 

.law of inertia (^Idl j>^=dJI jl) iJLkaJI d >>'- 5 f"'-i 




















^J-=H 


J^JI 

^ rotary motion Ldjj Jl J Lj^jJI a£^JI 

p * 

^ilj C5-^ (J 4 -^ <d-°j ■ JJ-^> Jj^> obj J 

LS-^ J Jl 4 L r <Jbj J 

<LjjdljJI 2Sjj *Jl 

S^lj Jj^. jl <^jJj jLu) LS _1^ 4<d^JI 

jl d^ ^1 d^>j <circular motion L^J Jl 

* 

^1 < aj ^ VI J -j Ł*! \ > 4-o_la_i_idl 4 _j^_j I jJ 1 4 ^II ^ ił o 4 a U ~ \ a 
J j-^~a d-łUJI LftJ X j ^_1_C 4 U 01 ^ A <LL_»L> 4 r J ,, , t 
J-^-^ L5 -f-S 4 ^ I n Vi J l jajl 4_>jJ|jJI L£j_JI Lol .^IjjjJI 
igj^l^l j L ** J I 4_ a.ll\r> d L-C^«4J t 

4_» J JjjJI 

jl^^L reciprocating motion 

•jl <^>=^ <^| :jk*-ą. <> JLL»j .vibration 

* * * * 

• J-LVI j-aJłj l5 -L VI j-^-> jl LLa jj Lo. JHaj 






iSj-aJI ^l^jl 

4 j *S 9 I j-J) 4j£^J| -^-A ^1 jJ 4_lx*j ^Jl 4^JI ... <a~ 


‘ ‘d^j-^.j—! i jLlj < 4 j \ j lj_J I 4 _Lj^JIj <4 \ U-vll 4 _Lj_L Ij 

• 4-jJJ^JI 4-^jjJIj ( 4-J^j I J I <ŚjsJ\j 
^Jultll iLiAŚljJI 


Jj_4^Aa1I £ j-Hlj ^1 4 U \ m) II 4 _cLluJI jj^UJ 4 _£[jjJ d-Loj 


jsimple harmonie motion 4L...J I Lisimi iś^JL 
d>^ .^Ll sinusoidal ^ Jd 


Liil^ Jl Hooke's law dj_A 

Jidl l-ij-la L_ujLjLo ^AjLJI Jj-U ^ * 4 U k ... * 

^ d^ ^ uUdJI IJ_a dl L^ldo 4_i I c Jj_^dl 

LUI 

wUlbddl 4L j ^ H 


^ linear motion LkiJI i^^JI d c Lfl L^l c> Jjiu^ i «< 3 

(J ^^>^1 u < .J^.lj ujJ ^1 Lk ^j-L 4^j^. 

(4_L_a_i jl) 4j£j-^ l-L ^ j d^-^J .4 ^ l r>Vi o jl Lalui 

■t d-°>ll £-° C^dl X 4jL^aJ-AJ 

A_ljjl jąJI 4L<j ^ II 

4^>^ ^ (dLLiill jl) Brownian motion iLjl^l l£^J\ 

d^ jl 4 l\x o d^-* d^ 4_Lj-LsJI oL^cujdl 

.dLiLk-i VI 4^k.j_sJL-o Aj <L_j_3L-0 IjLu-o 4_$j_L I -n \ A « > " " 

(_£jj^ (jl d-»Ldl d 1—LJ^^k I d 1 ^ J KI ^ 11 ^jLc2uL1 LLl=wI d^ A * J 


4-tHjIj-JI <S j-LL dJ j d»j i^jLJuu^A J 


.rotational Brownian movement Lj^^JI 














































djl U JjLa. LaJ£ jJ^Ij (^1 jL-aUl d^a friction d K~ta .Vl 

Lal ,j Ki a aj I a a r J * * j/m ~v_ll ^JbxuJI £jV I i < u \ u t^JI Iiu j ^j^SLi LajJlŁ SjLfc d l^"i^ Vl O J 

- ; 

.śLajULa JSt ^-a jxdLaVl ^Ja^uJI 


^.lc. Sjl.Amll 

■ L-ft^ ŁA-j J^LuJ tiJl^L ^.1 ^ 3 !^ j-o 



dL£2^Vl *1^1 



^LuJI dKWVt 

^All dl£i^V I jjb static friction dl£i^V I 

... U <UI_^ ^_a 1 (j \\ jl A \ uju\ a Sj^\ a ^ i n i-ul 

«i k-^ vi ojUlljj .i < a *-> i $ .a * „ j a ^ u/i JL; 

^UUJ^JI \ J *v 1 A_i ^iL-O ^ ^^LujJI 

■ lis j-o^j aJ^ 




























dl£La.Vl 

* ^ 

o -0 j-aj Ms j-ojJLi SjLc, <_£jIj_SlII dlSi^MJ 

LT^ LT^ 3^J dL£i=k.Vl J-aljL-o 

f-^uJI dżjj a_£j^JI ^LcJI dlidL^VI 

Jimiting friction ^L^JI J ^Ui ,« n<^ vi : 


Ms=- 


N 


.j^LuJI dlii^.VI J-oIjl-o :|i s 
.a j»j jU 6^5 :N 

<M k (^5-SJ^JI dl *1 ^ VI J-oLa-J J_-oj_j 

: l5 _L 1—4 K ^ a~ 


Hk = — 

N 


^Jl dUi^VI J^U_a :Mk 
.a j % \ \U 6j.5 :N 




dj-ol__a_) ^lc 1*11 VI 'f 1 ,,, t 
^uxaJI AJ^IaJI 4_>^JlJI 


dK~i->Vl 

^ ^ kinetic friction ^^Jl .<i k-^ vi ój^ 

■ l ~n g iAt l I 4 _j^*1JLj l _' i ,, . 't •j->oll ( 3 jj_uxąJI 

iLo 6jl—A ^ 1 I /> 6jl —A t s l\ ^ " -V VI 

Ijl Ul .fluid friction jdLJI dUi^VU (U 3 U jl 5JSU,) 
sliding jJjUl dUi^VL 0 ^ 

4 

.g K ^j^JL ^>aJI dlli=vVI J«UJ jjj .friction i 





































aJUaadl 

j^jii a .ai itjudoJi yk ^LLi yV ^i»>J i ^-u-oLa. ^ inertia iJiiaxJi 

<lxiua.J ^jJI dK“l^Vl jl j)J Ij ILfc skj .JJUIA jajjLuJI jjSJt y* (sT^^ *" ^ k ' *“ N 

jj*< l a i I ^ ii.fi dJLh-sJJ j «I i II L j'"'^ ' (jt^ I *<flt (j-a <<Lll Ł*>> II ^Jl ^ ^lj ^ < N 4-a^l 4 a J La ^^ 

j/Vl 


<LdUa-*_ll ŁOSJI 

1 d ...«•. i_JLLLll s i~< i i inertial mass LJLkaJI a_Ll£JI 

i -*ij;jS~ ^ L_śiLLkVI gravitational mass 

2 \~K 2uijjjL-o j %g. a_1a£ 2 U c~ $jja aJjjLa-cu A-l!—I łaJI A l2*\ jjAL* 

aJLu^ ^ 1aJjjjjl-o i j_a 3 aAaI_> ^-wj^JLs aJLIolsJI aJa^ 1—al <A-śjj-*-o 
:^l j_Ą» y liii JPjA Jjl li j^- 


iJLbjdlj U*SJ\ 

2 _v ,^ i ^ L$a 5 ^_Lc mass ŁtSJl 
a h<llj . aJ\ a^II ^jS Jjjj ^ o*^ 

quantitative measure L5 -a^ LaJ 

aJI<JI A_S^-C J_j J -a j j A_Jl_la_*J 


IAaJLaJI AjLu-saJI * 2 11 U< U > 

F = ma 


k a 

► ^ Ij^bj AjLlLkr. A_1 a^ £_a * >i^c Ja_fiLjuj < <-» ~y tu_ł ^a*jIaAj 

f. O^LAI £ jLcalJI I 4 J Ą U cl .A l ,U^V1 Jjl . A_lJl_Li <Al£ 

a_1i^J I (JaaA a > AJ jaj . ^j -iaa j 1 < *j \ -o j * 1 łSD I ^ j ^ > f 1 - 1 ~ ^ 

:^_Li L-aj AaJLLjlJI 

V 

r 

k A_CjoAI a. . 1 i"v 1 1 ^ j ^_A P j < A-aJI lr>3t II A lVs Jl (Jj3 m 

.V A (j ^ 




aj <a_1i^JI mj <6jUl F ± 0 ^ 
(jL_i dli j ^_^.j_jj .aJLLLI! <t > ) > ^jLualJI 

<Lo aJLLaJ jl ^^ 11 (juLaUI 


.A_ll^JI ^_c j 2 ^jLuilil cCLojLLo ^1 


(JAJ* J*) f *>f** l._i^rJI 
.aJLAjJI jl_j_ijJ AAVI JiA«i biswl j-4 


















_,j aJ ji gyroscope (ij j Jl 2LL»^Jl) 

.gyroscopic inertia 1+,^ <Jlk»JI Ul* ^ ^ IJJSU > lc.j^ 





4-JLbjdl 

moment of inertia iJLku ^ 

^-JLiU AJLo^LJLc 


j^jLuilU <CLoj1_Ła] LujLo_5 

IXJ J ^5^^? A—_<L-o A_>1 

A-ŚLjux-o $I £_i^o ^«.^l I A 1*1^ 1 ~\ 

" (■ 

'-*J- X -£J ■ < — ó— 0 

mass moment of < i-<ii ; n u, i ; 
angular mass i-jjl^l Ui^JL. jl inertia 
jkij dJj£ .4lvśM ^^kDi <uV 

<diill £j^L> L> ^A_1 l l~sf A_tajiJ 

: ls-^! JjUij I >-Ś^aJL; 

I = / r 2 dm 

5-ŚLuiaII tJj-OJ r J <4 II Li II ^JJ I ."> > -* 

f-^l ^ LS- 4 m J ‘óL?-^ 1 (> 




















yż L> u_ujJI JaLjlJI yt> J^sLaJI .Iłujj {S ^£. l^JLaijl *UjI 4 -a.lji ^Lb ^ wave 4 _pl^aJI 

^J| iLbaj fjA jiz <ULaIjl *031 ^jui^ (jjt .<Ła$aJI 

SjLJI Ji_u jl jjj ^śUaJI MaLj 
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o X M |VI ^ \ II ' (J A il A_t\j...i l 4jLiVI 


A J *1 ę _- -II oL-^^aJI . £ 

i^j Jl jrU^ :mechanical waves d_.<_.~.K r n oL^ji 

CjL^._^_ dl :4_dLul_^j_d| CjL^^- dI 4_liol d-oj I ^ II ST. V 


.water waves 4_dLJI c>Lą.j^Jlj ,sound waves 

I 4 JLŁUI Ji 1 * j l i A_j^_o i**i i -v-o £,j l_c 4 X > > I ^ | L **) L-^^aJ I 


4 J ^ j * 1 ^ J Xil I Ci 1_^ j-J I ^ mfl * ^ L ** * ^ J) 11 4 t ^ ^ i r 


J[ L$-j&Lą2;l 


oUj-a ^j :transverse waves iuś^xi^di ciL-^Ji 


.LfJUi:l *1^1 c^jj-clc aL^L ^ 

i^j i * ftj « Aj ^k 1 1 Li^-> I ^j^ 5vj A 1 itt 1 CiJ_dI -A f ^ \ 9 /\\ 

Cj I Jjlj^ . 4 _^xI 6 L=JaI ^^-Lc LłJJ-^C Ja^ujjJI 


ę- 

oLcw^-JI ^l^jł 

£}j£h Ji oL*>ji jlluVi i^j j [1 a .j 

,6jL-o ol-^.^-oj <a_ ł' aj j oL^-j-oj <a_a£_xj 1^-j-o oL ^.^-o :4_JLl1I 

:4 junhj^iLlI CjL^j-aJI . i 

^iJI dli ^ electromagnetic waves A_.... ; u ja <ii oU-^JI 

^u_jJ jLaJI l^ i I (_jI ^1 i ^ l^_L!I ^I U>... j Ji q" 1 I 1 ij a % 

Clłl^^-dl a j-A ULj _>j a j ^ II " 1 1 I d 1 a 1 1 V 1 • -*- 

* J ^ —i j |j ' I J j > Ś-J I OIj _' » ~\ ! 4 ^ 1 i i ^—cj will 4 _jJ1_3«_1I 

radio ^ 1 m ^Ul ^iłL^^dl • a< d r..i 1 ^ t ....u.^ ^^u ," t l 
micro <_j^*_Ld=JI oLą.^Jlj x-rays a _>\j ... U ,waves 

Lfdo > ili^i j Jight waves Ld j-aJI oL?.< waves 
oU.j-dl jjźij <wavelengths LjJiU.j^ jl^Ll 

.LfjLą.JI^Jol d-o A-iLuijł I () .■■«’> 


SjLcJi oL-^3-4 - o 


jii ol^j-<u matter waves SjLJI oLą.j-a uij_*_j 

d' a^I j Louis de Broglie l^d 1 ^ c^ 1 

Lal (f _j^ ^ ^ J o 1 J ui^ f t_ĄA4jl 1 1 J SjLol! CjI— 2k< * ^ ^y || 

^aJl iiLUJl ^ Lj^ia ^Lii^ frequency jj^I 

JjJa 4_JLlll 4*1^11 (_£JJ-* ^J \Cj 

A=2l 

p 

f^*J Pj O-łU ^ hj .J^Ja A óp. 





cjL^^aII ^_Lc VLi^ a_^LJI 

^1 cJjjG :longitudinal waves ^i^Vi 

Cj L^.^aJ Li A 1 x 1 ^ 1 Cj I 6 L^Ji I 0 1 ^>.<.^1 1 1 t o oTtt 

L>-° t Loci A^j_all «*_> JjCIj <^A_iJ> VjU II j|) 2 J jU I I 

:A_JjiaJI CiL^d! A_li-oVI ^lul Lh°J -Lf\)l^2 

.A-ijj)^II CiL^.^- aII 


d^.1 ol-U^^^II J jLajJI ^1 ^oi 

.l^\S^\\ oU^JI JlliJ 


. A^.^aJI 



































jl^lAVLl <uLł^iuwł ^\ J^J-1 ^P> i' ^AluiAit jA*-UI (^-AX«J 

j < -v oj-jj-i-Ji a <LiL> ^ ui ^ (jx. jLaj ^ *< * A j .oscillation ((jijJa^Jt ^jLtu^jJi ,$D 


i a ...a*t ^ui y jt x >iAVi ji j^sji La^aj .periodic motion 4 _»jjj y j^j 

^U j^n J \ 4 ao U a d \\<L & 4< iM < 4 aII jljIiAVt A aŁijI iaxajlj A \ a 4 \\ a j ( j 

■isy^ isJ* ^ 

a U *. ii t U a *aal ^ i Jl 


2 I 2 V o o I jj a£ ^ ^i-g-JI jti J LLj (Jjll-all ć>L=^VI ^aJ> 4 j2w^ZSj £-° ' 2>jl\ ^u^}\ LaXl£. 

2 ^.A j ^ equilibrium position J^ cJjiia Cy^ SjJjJI .simple harmonie motion 

.AJLąU 2S. A_s_ujJ j I 4 J ( ^ w> ^J-a 2 Cjl J (^l) 


► 


► 

f> 

► 

!■ 


aIm.ui 4 \ C c l 4 -~W 4 _^. 


























(J ^L^-o_L*a VLi VI A In uj l^-j ^Lla_> jl j~ ^ 1 pl_La_»l ^ r \ \ 

.damping (U*L^JI J) 
l <ćJ K^ VI ^,Ux a \ £-^jLL 1I (^ J-O jl) A_X_uj ^ 

<j-° (jL£ JM -kA VI j-l-Jj .A_iiiljJLlI a£^J l ^ 
J I ^^-Ic * I < LkJ I J^k. f J, U^y-ai ^ l lV\ 11 J ^ I 

.driven oscillation jLJ> J J±* 




, ',7^-^u T' - **"-* 

^ Y '^.«e 9reeo ^^U 
„ •“'•'UJi.i, . 

. ^Zj&LzIII- ^-SiLM 

^ ■? 

■ ' Jrt ‘ uj *-"'UL 














































oIjLfc .fluid ^ULj ^ j* ^ i/ 

.Sj^uaJLi óljU L$J£ Ó^»-1 <4ajU oljLiJI 

.<ua j.j-11 *Lfc^JI J^ 1 ÓaLj ASj^aJI 4 *j^uJI 1 3 "i l AUUĄ . 


o^l^iJI o^-* ^ W *'J JĆ >■ (J ^ U^J-Ś flow WJ ^^11 A-1^»UJI J-il^l dłU3 


oL^JI ^ j^UrJI ^ Jj 3 :viscosity ^>ui 

jijlJ <LojLLoJI ^LjJa L$J>I (^1 <j-^Loll 

^ J^L^JI ^ jJUl 6 jj 5 w<r AJ :capillarity 

.J^J| ą I 4 1 fi»1 1 4 1 v~ Q ^| <Li^Lll_^ A_1 -oI_juj- 0 6 jl—O ^j-0 1 —>^ u j 1 1 1 ^1 


5j^.j ^ jJLJI i±£ :mass density i-OSJi iśLK 

, 3 ^ j £_5ULł <1 ^ ^j-o 6,A^.lj A-J-ujI—J-S 

jU J iJUś ^ ja-u4j :specific weight 

^ £-4^1 cjjj <jJ>L<x]l A_xA C£^ O 1 ^ 1 

• 3 f/ó C^^iJ ‘ A 

4 Ur.,~ ^1 ^Jl jjfcj :specific volume 

j 3 ^ JLj ^juLLłJ <£_jLa!I £j- 0 6J^.lj <il£ 6 















a-k pLJI 


^ 4 -° <i»LuJI ^ 1 ^~JI ^1 S_aL^>l 

relative h^J\ oLSUl Ji* L> SjU, i*** ^ 

compressibility l.u u.A-. yi^ density 
j 3 jUIj vapors pressure jU^JI elasticity 

.surface tension ^u...n 





:non Newtonian fluids ż+iZ&u ^ui 
yield value a^LJI <^oaUI ^jijdl ^, q j ,^ii 

^j_»U LS J[ dJil Mi j^-sJI JjxJ jLu-oj 

^-11 jdj-JL .\Tij-n Laj <a^jJ11 ^3 

c^l jJLJI .ideał plastic fluids idiidi iikjijiii 
Jja-d jLu^j 4^3 LJI A-o-LaJI LS _ld ^uoJI <Lii 
fvelocity gradient i^U 3 VI i^^Ji jl » fl? n 

•^LLo jJ £_jLo <GL c_S^jlj 


ę- 

^I^jI 

ls^! £jjil 

L> 

^ :real fluids 

J-^J .A . ^-\ u jl A_JLc cL>L^ ę \^_UJ , 2 J J I i 

jljJ^ L a \ j t <Sjl^JI A-^jJ £Lł3jVI £-0 £-jljdl 6 > -\ A 

£-0 oljLiJ! ^ <L=».jjl]l 

< .'L»^ ~> I I *j>~=JI *—i jjJi :ideal fluids idOJi 

^LJL fj\ A_ii j^LJj 

1^2 j .'j»~i (55 iAJLUI *Jlj^JI ^jLii ia.jjlll k_>l_i£. 

-Sjlj^sJI 

u -*j :Newtonian fluids 

Newton's law of viscosity ^UJ . .a^- 

ó" sheer stress ^^jlII ^1 ^ 1 f ^•, 11 

'—<^» 11 A^ ^I I a A—o . iml i*tj JjL-uJI .*• 1 1 a *U ■ ól“-^ ^ 

t>la> jc.s>j sheer strain 



























M 


s^di <uL pressure lai-JJi uś>4 
Ul JUl ~U... I I 4_ij LajIj iiłliAJI S^iJI 

^jLxoj JKcub 1 jl <P3 J l ‘Śiu LjJI (juL&jj ‘P 

I 4 J jl u* iLAu 4 _i^ .N/m 2 ^1 2 _»j^ ^j-Lc jj^H 1 

.<>L^jl I4J JXLjJ (j£Jj 


iajuAJI 

.jliJl a ojij 1 j[ jiy>^ >a j .jLi-li J^-? -L*-^JI 

jmi ^ pilili .Ui.AJi Ul <oUu:vi ^ A—iL ^ jUJi c> ^lji i=lljj|j 

.j^Ij *L^jl ^ 


.bjLufiJI 























• Uli^ oUULijl ^ ^ *1^1 




.Ui,Ali 

u5“^" cjjj ^j£. <^LJI 6j_Lll Ą-xa$ u_SjJLj 

atmospheric ^Jl i^jJL ^jVI c u...n 
*1*0-^ 6-° J j^- c> A -^ j .pressure 

.<lU o 11| dLL_» ^jU^JI ^jL xa4 _J|j <^.Lua1I a. w j 
LT* ^Luj Sl£. -k* <kll 4^>jljJI L^iaUIj 

•3-h 3-^ u-° ^ 760 jl A_^29.92 
^Ll j .^Q_»jVI jlj L &K iaJLJjl u ^qI\" % 

3j^ A -^‘ C^l -L*,kll JA 

U. JSI ,I^JI 

ujj Cjj^ł oLs-aj^JI j 4ko\ 1 1 ,$lh 

ÓJ-^J ^ A_t ^ 3 ^ \ ni 1 3_LLUI ^ 4 V I r j ą 

J^aLLaJI ^ił S >A Laa Jil Cj LsJłjj^J I sSj)^ ^ 

4 , ^S o 4. \ ^ 11 

^-ŚJJ- 1 ^ 1 j^j-4^ Ji Sj^-S 5_J_^^( ^Jl U ; .^11 
3-^LLo ^_o JLL1jVLj *Ij^JI A _i .^1 ^ a 2 . J. i •, ,1 1 
-Jl - U « .Al i JjJaLlo ^]J ^JL»JI U'. . Jj l 
Ó-® ^>4-" JLLUL Łi^aLiJI *1Aj .-.JW ^ 

Ąf* fl " JJ J 1_S -,J '^ cs -Lc.VI Jaj-^aJI j U l \ A 
■ ^ (_y2JI J^oLaaJI ^u^U J i*\r, i" 


^ąj iiiU Bernoulli principle Lh> ■ 

>*j -J2LJ oli^JI -dip ^jjl Ui.Al Ij >ii 

Jjjp ÓĄa. JSj JjLuJI aJIij ^jj| ka.Ąjl ^ ^ 
.<jUJI O 1 ^ 1 -; LłIa^ Lł* Jt t ^<uj .J2L>JJ 

J2I>-JI IjJ ,l^jj Jlj iJu^JI Jl ŚjU J2I^uJI 
«6Ujl ^ .kA.^JI ^jSj, L>j2x Łc^o yJti ój^ 2 Liii Jijij ^1 
-i^^l ASl^jlu^ ^1 ^ Ui i .Ąjl |_^ 


















































<Lu3L=JI 


,Uuj ,>i uu*i *sj ja» i*Jin V ^ 9 ravit y 


JAKI Jji 3—! Ó*J •«*> ^ ^ ani- J~n tfM *J» ^'. 

J .,?.- 6 j ^ v <n‘v Ai**a> »ji gravitation ułuai .<uąLąJi 

i . .u. ics j—*». jt j*3U oiaJt ji— ó—■ *! oiąJi j^ai' u^i V i! ;< 4 

^ Śjją** oStjSJI ^ o—iilj ofljŁU ŚH ^ 1 ^ óh 

^ rj a ^ 


.<Luilflni 



Jail' 

' ft j\ f _£[jis ŁkSi jjk center of gravity L> <—*J JSUI j£ja 
jl JiJj jjl SiaiLlI ai$J Ó^°JJ ‘f - “ ? ^l 

center of the .mass i±s£Jl j£>»l iJjL- <f—£_>Lk 
4 _lajLj J-O J La f—?“ Ja -5 

U-nlA SjU- ' '-~^ l ^ ^ •(^'W - 11 

.symmetrical objects 


























j L*J I ■ | i <«t i 1 111 « 1 1 
acceleration due to gravity a^óUJI aj ...-n 
^jLąJ* <j jJI dJI ^ildJI &J -iii 

ł Jl Ó-* *■ j-Aj ,g .djaJLj 

A-JAaó ^óll £jLuill <jc ( _ > ijVl AąąjLą. Je ęuLJI fr^j t -..tl i 
LfJ <J-*LąJjl A j.a £ [ Luajl j_A j A_ujLą. 

L^l ^|) (jjilLaJI A_„dj j_a, J -.'VI I 

(jLi I jj • l _>-=>jVI (^JaU d-° I I t-ijlal 1 jljJii J la aI I 

jljJj Ćij -1 2 L iI f 9.8 j-A (_>-ojVl Jtlaxu i _ y lc A " a U... j2^ 
.oL*-i-ijaJI ‘^ ~ k ;1 I ^t-ii.i d-“ k_i_>ilLi c^ J ...~l l I ~i a 



Jl^aą <>>jVI Jc i_u jUJi ^ jj} j^oJi j,. jUJl 


4-ijjLąJI JLą^ 

^ gravitational field (HąjUJi jł* j) JL^ 

CS-^ '-f-J (jj-ll a_ł_j jLąJI a_j_ś ( _ s _a (.[ )| 

JU-a C5J^-I A^Kj tl^-ajj .A_kldl dij ^ Atj^ja 

^ Aaiiia A_L>*a Ajaii ^ AjjjUJI SJj <gL AąjJLJI 

. A.Jr>$\ 11 cdlj ^u^JI A_ll£ 


> 1—i (^JdxoVl ^t L^.1 Uf 4 n ‘l l -V 1 1 \r..t 

.(JaJoaJI A^jJ ^ JaSj ^jVI 


jiLxJI ojLa! 11 

A^ 1 jUJI Ai^ 0- Jjl 

1_1 jLą-lU Jjjjj Ó^Lii o-aAjJ .SjidJI d-o A_a.Lij Ja ja... Jl 

P * 

<j\ J Newton's law of universal gravitation ^UJI 

ęy-*J ^ AJ^J A_LsS j j j~J L nmĄ> i_).ląj aJI^ j 3 -- 

*-'■' <-ŚL-aaJI J-Jja J-a La *Śf j J_a Ijjk . ....I '.-- 

:A_JLlll iiijJaJL; Ha JąLu /j<a_.j 

F = G m 1 m 2 
r 2 


OjLj J_A Gj ‘(ją ~'l-iA'il l dfj A_J jLaJI sji)l IJ _A F ,-■ 

aJj£ ^a m 2 j <JjVI I I aJj£ ^_a ml j ., . M -^~I I 

•dfi^iUl ,^ 11 ^ (jąj AiLodl ^ r j .yJUJI ^...jl i 



55 



























<uj* ojŁ jUIj free fali >=J< ^ ^-h -^ 11 u*" 

^Uiji yj^ji c^j .s*-i <ui.j i>J ? j- ^3 microgravity s^j i ^iL=JU 

.ijjSLiŁaJI iujjUJU dlijU U lii 2_)^aJI 


(■U Ik. 


ijjJLuaJI i-j-jjLąJI JŚ lu> > 

^Vl dj j Ć*ajj jLąI^j f >*■ -k^ 

L«—ii -śjLk 1 3 ^ 

2 * j 4 , ^ \ 1 4_i_j jLąJI 


















• J A-iJ jL^JI A_jjl_A 


isjixuJI jxl 

6^ixJI drop facilities i_JL*JI jijji ^j^ui . 

6 j-A Jaj_LwJI c_fljjJU ^3_LaJ ĄC.1 <^>^11 ^ I r 

JaJL ^ *AA ^J-d uU-M ^ ^4 

^>dl IAA J A_J jj-*JaJI ^ jJI ^uLua.^!j .l^a LUjJLu 
cjL^aJI .JJ> >*-L^ ^Ul ^ ^ * ^fcl 1 V | j) Ą U Q 11 
L5^ *JI Cj\ i^u ^ j £. JiL jl ^-A ^LoJI Ji I^a.aI I 

.^-jlui-JI 

u' N ^Lijl olJllaJI ^LSuJI tUa I I 

ShI- 5 15 J}Lk iiJLkJI ^JjJkJI 6 Li jLiJL^V 


L j 1 * JI £ VI jąuj j Ij ^ 

Jl l+IL^y sounding rockets ^uJl .\.~- 

jLt*i-o <J (J^-A» (jl (jjj L>^ J| L^JjLcIj <=> 1 ,Aal l 

Sac JiU Sa>^ ^ Lijj33 ^ AUjj J^ 

jj <J-®J^I c>> La^J LfiAiJ ^luaj ^-Aj .JjUj 

Ja-fl CjIJ CjIjLlu-o 

Jj^ iJljJI ^AjLuaiJI oLi£j^JI 

A-hjUJI JkJ ŁoAi^JLu^JI a_L»LJI óMiJI J^IjLM V 

A^L^JI A»X. J dLI aJ < J^Uis J 6 AC J^l ^ J A_>jjLu<aJI 

^UuiJ space shuttles 0 L£j£_Jl ji 

dJJ \^l l J-SłIaj ^^-lj .JJal ó^ILLI A_jjJL^aJI <_a_ą jl^JI A_1 aj 
^ AJLLą £_a L^j^ -^L^j .Ła^^ąJI i-C^uJL 
^Jc <dfl^Lla[ asa i . L y£i j VI ^ Uui jj CjaLj J aj 

aI^JI Jl dUj c^jJ j - CK a J VI jji ^JŁJI jLu_JI 
ajAuj aI L^ VI J l—o^ . L> ^ J VI 3 LUJłu ju-^ > 
Ó“° cj-°J AJ J\^l l La U I I jJI »** * 1 o t U 1 1 a ^ \ VI 

AjI j A_ajA <s> A_a_a jUa 4 i \ t |^ J< > ^| 



9 


L*iL» aJI£j ^aAJLxxjj .c_śjJkJI 6 aa JiJ oljLUJI 

Vomit Comet ^Li^aJI aL^lJL U NASA 
25 J!iLk A_jjj_^JI <_i_łjLJI Jx. gluA^ll jIjj ^.ujaLI 

45 ^JLUJI Jjl^j a-iIauJI 6aa .a_L>1_j 

Jl ^ .parabola LlLs J<^-1 

.La.jj 45 L>j Ij.) Jj^UI 



dl^^illl J ujj-1* ^^-lc- *LAaJI jlJJ jALj 


<Lij-*-uaJI ^Laj jL^JI oIjAjLj 

i^jUU WL» spherical JliJI ^jji 

CjLłL^jI J La^aj VAj ^j^aJI ^L^aLa CaLjLlIJI — P 

. A_A 1 ^ Tu r 

aJ> jJ L a j <s 6JLUJI ^LuJal ^i±SI Jl J_łUI ^ j-^jJLj —3 

.6 Aa. J 

SjJ ^ 3}U ^ L$_>V L)LiJ-«-łVI o^Lńf <Ljj 4 ,11 a_o jLJI j . —A 

• Lfl^lr AJLąLj 






























uzj\ 3 j>ii 


u .w Jj^aJLi *J 4^ (^ Ln ^ we '9 ht Oji 

~...^i i a l".< ^ m ój^ :W = mg 4 *juaJ Li dJj j**-}3 .^jLąJł £jL^J .dJISJI ^ ^Lj 

a .a 4_j-łjLA fnn> Jt jjj ,4_jjjLaJI ^ ^ £J* '""* ** C^* ^9.3 

jl jSa |_$J <<>LąjI I 4 J (_>uaJ <Lja 1 uj 4 _la£ 


t^ic. jJJJ JLSjVl ÓJJ ^ Y&a * 

.i±> jLJI (£>3 ^ jUJi 



: jj>ll jit c5 a#^JI j^LU* 

.^katJl Ji^ O 

oL»j£ 6 jL^-i ^ua^JI ^ ^.jJI <4h^ o-° J-^ (2 

. £ 1 j A 1 ^jJI 

.^iiVl (jljj Jlj JL (_yl[ os-Oh (3 

I ,^ls~ .;..._» 4 J 1 LŚ o!)>,A»U Jl iiL^»VL;j (4 

.— 'l iii ^ 


jjftUaJI jj^JI 

^UkJI óJj- 1 '-! ^>-^11 «—*-*4 ęS ^ 1 ÓJJ - 11 

6 i>JI ^ ^1 ^ ó^j .apparent weight 

j y ’■ j* ..-'■nil j-ijjl Lł 1 £ jl-ljj ójt>^ ,_j-ś A ■■■*' 

.JiJfl Jl -^Jl ,>i^l UK JŁj <^Vl 




















uj>N 


^ weightlessness 

LAjI Jaj-LuJI ^llj| Sj-aLI=JI b±jt> 

3 ! ^ .zero gravity i^jUJL 


4 -OSJI 

L 4 JI ^ ^L\ \ \ - mass iiiUl 

LT^HJ <yL aJJjlIo <SjLJJ 4_J 1 Uł I I 

fi-* 2 l^* 2 ^1 ^ 

L5-^ pLLJI l5 _Lc jXx^ąJI 4_ll£_ll J£.Lojj ,<_i_i jL^JI J 1 ^ ^ 
4_ll^JI 1 A j .Lo £jJ 8 A -llc ^3_i_kj ^1 ^J| 4 1 1 L <1 U 

^ -llj <Lo ^ < * ^1 < ~j «u LluV 1 I jAwl l ^ \ ^ I 

• ^ ' c A_fl_Ja-A]l jl jlVi II L ^k»_> 4_A 1 1 U1 1 

(3^ (J^ -Uu j VI 4_^a 1 jj\ a II \\|j_iJ| .^ * J 


jl ^-flLil-oj ja ki * ^ J^k-i L-o ^uCk ^ lr 4 o i U ^ 1 1 



• ^aJI 4-łl J^kl V 3 ^ 


<_J j l ~J I 4_1 i£ />_i_j J^JJ JjljLgj 

(mI)^JLkxJ! aJi^JIj (mG) 




1 

1 





:Łł&ll<> 

4 _o^ LiLo .inertial mass <LJLbjUI a r>< n 

^1 .<_JLkxJI Ail^JL 4 _i^jLk 4 _jJ_ 2 ^ ^jLoll * ...^ I I 

^jl^lJ 4 _Jlk*JI a_^jLŁJI ^_k jlk_i ^Ul jk^JI L$jJ 
(^jJI ^L^Jlj .(^jiJI l 4 l~l^ J ^luLj 

jL^J ^1 A_uk_ł óLąoVl ^J_C 6 J_UI «■ Q « .A * j_jl_L_ł 

. ^ ut ~y I a_JLLjlJI 4 h< 1 l l ó-t .a > 

^Jl :gravitational mass ojLLUI a r*< 

cjVL^-o a^l I 4 J ^^iJI 4 _aj jLsJI 6 jjLi^ ^ 

.,—> i II 4_li^_» g 4 t t M ^ 1 1 

^.[ a 1 —o uj ^t, 4 —LlS cj_»L_^ A\\ 1 

AJLiLUI 4 - 1.1 S.ląjl 4 

4-lJl k a \ 3-1 > nj 4 ^ Q SjLJI 4 t ^< 

• 4 j 1 c 4 _ l^i rj 1 4 11 \ 1 1 1 ^ ^ 


j5j2 dUJd <ł JJj aJ pI^I 

. A J»^>^ VI A t >, M "v 1 1 4 t Ir 







































.JjLuJI iLal^ j* Jal <ual_j£ c>jL£ lal JjL^ ^ La ^żL S^aUś ^A buoyancy 
u [-1JM+ J*-*_J JjLuJI I4J A^iUl d^SJI L^iLi LuL}^ 4_»^laJI 

^ .jauii ^ jji Archimedes ji£ aS$ •*■** 


jjjjj a \jl ljuXA 




4 > t* I I ^■v , v — ^"l^aJI pCaJI 
! ^jJL^aII jIaaIIuJL} 


o ^ 2 al~» U nc 1 ujui 

I |j łjć. jxj pLoJI ^-o 


ę- «■ 

jX>J1 A ^jl Ij-fA 

,2 val Uli . 1 M1 ^a L l. 1 1 I joaII > ^P u ^ l ^j-o Jji ^ cjL^ 
J-jiu . JjLJI jl jLa gr^L^ 1 -^Jl <jl o^lj 

\ jl 1 Ijj^ojl-o ^ oW J j dL> 

1 j_A a JJLuJI ^jjj ^jLuj-ł S^-Lj < JJL^ ^ 

< A_s j o U1 1 S^l-5 ^j-A A_k l t u . \ \ a SAj .^u^JI 

^lj -^11 J^LJI (jjj = 

^ill Archimedes principle i j-h> fb 

2 c l ~\K ._t,..~v * ó J~v“> l—o ^. i xi ^w A_j J) (jl ^[ -(3 ^ 

.A.-ii jJ-cJLaII JjkLuJI AJjLa£ Jj-O* a! 1 ^uUi=Jl 


( 3 ^ 1 = J f 1 ) CjIjIąJ 








































(F) j)^U11 

F = — KVg 
jJUJI = K 

N J ^ C jl^JI ^tAJ^kll ^ = V 

(N/kg 9.81) Łu^jVl a^jUJI = g 


a ijat-i II _ t l ■ ■ • -v 


m(b) Ajilkll ajLaU l t.«AlL> 


M(b) = mm (^ąJl) x [ 1 -k (jJLJl) K (^Jl)] 
a....^ M ^ \ a v q—^ I aJiSJI = m(^^ll) 

\ I I ól ^ (J JJL-O = p(^uisJl) 

U v ^ 1 ^_jLa!I aJsUl^ (J= p(^_» 1 —aJI) 
JjJLX> ^yO ^JLaII (Jj£* L> J^K? ^ 




i 

J 


4 

i 

i 



L-aJI <LśL^ j * a_ 15L1^ <^uuijsjl A_<ł 1 


4jliljJlj JL^UjLł lj_LA 


a 2 



1 


Sj_Jl_L^5 0«_SJ — 

4 jj 


\ / 
V* 


j j _ jju ^ U 4 .aU J5H5 :Pascal's principle jUcuU Ij+a 

.£_jLaJI ^Lu^fil ^-A-O^. ^J|j)LcaILo j 
^ a aj j xx a )1 Sj- 5 -II (jl L? J[ tdJ j 

•iS^ J 4 ll^ 

P = F/Ai = W/A 2 ^Jla 3 W = (A 2 /Ai)F 

.a_jLL Loj :ol jUll l 
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3La_cVi Jl Jjj-a-11 c£4jh 
.£__j>L*JI U 4 Ajl—J j 1—c 

^_ł (Jl_£uujl_i 1 J ) K _ ) m S J 

U 4 < All Jl dij 

oU^JI Jj£ ^ Jji-^ll 

^a£. 6J£,Lu< 3 6^-ił ój ^ * 

^^iJI JLJ ^ 

. A ^ C 4 1 1 1 Ą ^ f J *> I 

OJJ“^ A-J J a k JI J-Li-^J 
^^-aUoJ! 
































r 

oL^LajjJI 

J-tLa_Ldl Łua\j^ ^xJI <L»jlj-^JI pi j dl „LjjJI ^ 

^ tu 9 JI tr^- ^ óiia^jji^ oLu^ .aerodynamics Łui^ji óUaUjjJLj 
> a.i ji .flow field ^jJi 3 \ oLluxjVI JLą_a Luajl jjlj ^I^JI dj_aJ ^ ^ a . 

^ij 6^Ji óL^OjjJLj l^ ^llj Uj *1^1 ^ ^Lu^kl ^^aJI 

► óliLuuiU dj^UJI £_}jl^uaJI^ <*Uudl ^jjLi ^1 ^^UxJI cjl^UaJI ^ iujl^JI óLlaLLjjJI 

dJj^ .JLaisVl Lfc^tiaj ^1 CjljLiIaJI^ ,'^JaLudl ^^.Lc, 1^ \* n j ^Ul SjjliaJI 5j£Jlj -aj^* j 11 

o^J^aJI 4 *Ś lm"> ^jJI ^-S^IaJI j±L cilan t<JI <ujl^Ji óLułLLijJI Ja I »"<"< 

.jj%LaII 

► ■MsLi-^l ^ oUaLLjjJI . I ŚH<34-I' CjLjaOjjJI ^1^1 

[ 13 ^ incompressible flow ^U^il iui v Lu^VI L+^jJI v L,_^VI JL^ ^ .. 

! ^tj oSj^j £_* AJL.LS a_śUl£ ILkjJIj S_,l_>^JI U i .aI L, ; c \ i < 1 1^ 

.L1ą 1=-; j^j5Li Usl » c*Vil V , . 1_I...~. VI ^yJI <_łjIj_jJI oLi-oLljjJI ^ ...a ~ j-A. II 6 j_a , ,,,.^ . j 

^ji ij_a :subsonic flow ój j y 1 •'■ Vl compressible a_Ł- lolJt ,aM i_j_jl,-. i _. »i \ ^ > 

y jąŁj a^Ll^I iUlj a^.j_L1I a-jJI^I oLi-oU-iaJl a_u,Ijj A_xLL*_uć»jl V oL-alijj j aerodynamics 

P differential equation a .i.aI ó-i i JJjLlJI i > w-...- i^l^jjl .incompressible aerodynamics 

■SłjI^JI oLł^LIjaILj a il»~i^l l oV jL*-aJI ^ U...i /.II I j Kr... 


























śU^UujJI ^^iUI 


6^-5 ^Jl ^j-ÓjA^La AjłlJs ^_jL-o ^Js ^ > < X1 ^V j-aA_» 

^ .jjLJ!J ^lll^JI JjJLA A-JdjmjJl A^^J 2 kJI I_I ) UJ \ f-l^($- 


^j_iJI 1 T xi \ ~> j .A_j_^Ij_Aj_^L_LjjJ! ij—^ 
A_^.^JjJJI^ ^-wx^J! IrłiAi ^_Lc I 1 "** <.All A ^ J 

A* 


fi—1 i 6 hi . A 


\r 


> > > ^ \ \ \^ i \ \. \ 1 1 

lA \ VI > l <-Ajl u-Śjjlj ^-I-ll 


SjJ l5 J[ aIj-^JI J ^ ^ j C5*i-H f , XJ >" 

.drag 


(jjSLj IjJ jt-jj-ll óLaJSl A_łJł I J_A j-a Laj J SjJS j_A ^ ^ < x> 1 1 j 

lift £_ŚjJI (jl-i l_J-^ujJI ^y-i^sC. ^_Lcj .A j A^j ^k II 

jJuC J-OJ ^k 1 X 1 "d 1 £C_LlxU ^-lc. (J-OlXJ ^ I I (j-° 

.^jLUI ■__*! j>^\ VI fcLa^l ^_lc A_jJj-a£. I jJ <£-J>Lo 



d iUl 4 i W S J\ ćLijI^JI OL^aLa-a jJI - o 

A \ .n\ U \ 6 ol ^ II <jl A_a_jI j) ^ 11 Cj\ \ ^L-Lj jJI O J >^~ 

compressible ULUu^l Llj^M ^1 ju^>l ^ k*.All 
v L^VI ^ a x* aVI aJ>UlUI dJU <flow 

i**ii I 4 c^i-t-i 1 1 ł j-^-l I i- -* 1 \ i I ^ 1 X I 

^j-^JILj-aj supersonic 3 j-aj transonic 

ajU U.^m oLLwil <hypersonic 

A_Cj-uJI AjJ-oI A-Łj-uj (j-A o-Aj^-ll ol J <*» * ^ł 

" ^ ' *• 

jr \\ j ,>-J I <Lcj«uj M j \ Q ^ \c 1 jl MjJ-fi jl A_Ą_4L^kIi 2 I 

.O J)‘^\ I A-Cjuaj l_X-J^)-S 1—j 1 J ixt > I dii j 


A v a I a. *V 1 A_C I CjV l 1) OI ^ 1 

^ ^ . ^_j ^_t-aJI ^3-^ 1 _ >Vl_i dJJ j j^C J_!i Cj J)1 1 AX.^_uj ^j-C 

A ^^II A_C.^x*jJI < ^ c ’ v > A_j_i^x-^JI jji Ax.^j_ujJ ! 


:JLLj <Uś*«^ll ^ Lal£ J^Lklj ^Ls 

U4 ,Al l jjJl .j j_-o J_cUl1_j JjA^k A \ j ) I 1 _j \ *i <Aij I ^jl 

j4 <^>ll ^^-aLIILo ^ U4 <^> 3j-^ O j)< - ^>1 1 (j[ V - J 

^jjjjI OLJ jJUJI di! j ^-S Oj-t-<aJI AjCj-uj <jLŚ J-jLo JaIaj 
.Lfj JiUj Jjl oLoj)lx^ll a_c.jxu 


2 i~ J.^1 1 jj_3 CłLcj-uJI ^^-co 11 i ajż oLixajVl 

A_c jjxJI A ^1 jj»Ji I jj <A_pj-t-cJI Joj-fl Ax.jhuJLj o. ^ 


.A_lj^<^ sII J^^Jł A_c^-uiJI Jj-o i^j a Ha ij A-lj^< ^ > 1 1 -So^)-Ś 
^JLxJI ^jL_j_cojVI A-J-JJ) .^rJI jj-fl ‘OCj-uJI olj JAfl (j--oj 

shock wave a-^oo^JI a^^ 1.1 <_>^ 1 <^>^11 


.oIjUlU ^Ij^I dSiUlJ C ^UI JilUUlj 





































► 


oWl 

^Luu iaiiaji JjjG jau JjLuj^ machines oWi 

machina ^LjJ£ machinę a^-K-Wi a«Kn . : ,&- t .r, i ^ jLą^i ^ ji...wi 
>> i> c5^*-* 4 _ŁiLi^jJi machana £a,k <^1 


qL\ Ci I t -»x ■ ^ * 11 

JJL~j ^ compressors -. 1 Ui.AJ i 

jLŁJI J n i 5 JLj^J ^ J \ 1 ml A ^ ^ j ~*i *c * a 

Pumps cK.^JI L>l .<. ^j~o ^^LLłVLi 

^IjjI ij-ej .Lflijj £-jlj-aJI Ui. Al *. '^"..."a 
} - a ~^ jl jj — > *4 U A—a I aII .",1 -k .AaII 

ęl j-^Luji\ a Archimedes 1 screw 

<_>-L£JI j <ecudtor-jet pump A_>jj_aLiJI 
frUJI .hydraulic ram 

<tuyau ^^kJI £_ł> ,pump 

.vacuum pump a^L^UI 



. I I aJI j j) -*> a 11 ■ ~v 11 


oWi 

.AjJLiII oLlill oVVl . j\.~- 

;u,...,t i .-.vvi • 

. A. jlg * i ^ ^ a! I o 1—j-aJ I # 
.oLcLuJI • 
.ol ^<^a!1 j «~*1 U4.a aII # 
.A_jjIi CjI # 
. A—11 ^ -~v «A 1 # 

11 • 

.4_a_filjJI A-j-il j t ju'\ VI £*^U.,.U # 

. CL> Lp j jjl^J VI • 
































Ja.! J-A -v Jl dl^wall 


ijj Ij-^JI oL^ j^aJ 

^_a heat engines ^jl^JloLS^JI 

: v Q ^Jl i q\/^s"^ l *\ i-o n ^ i-o A_j^I^aJI AjjUsJI 

internal combustion ^ 1 ^IjJI jl^Vl oli^-a 
external ^jUJI jr>i^VI oLS^aj .engines 
oLS^ J ^ .combustion engines 

jl A- i_II Cj\ _Śj^aII ^-^jLśJI ,3 I^Jl^.VI 

A /\\._\ Q II j A- lj) i 11 CiL^j^aj Cj tj 
^JLkljJI jl^LA^I ^-jusSUJ 


j \ \ 31,11 ^ 


d t< t.iK iaJI oL-^j-aJI 

mechanical a j^jU <L>JI oL-S 

oVf ^ components 

A ^K i -<i 6 j r^.1 JiLżulJ \ is~\\ s ^-l[ 

^ AI I 4 1 \ 1 ^ 1 aII i X JA II -^-^1 

J ,J ‘ II ^1 A_ a j V1^ .J- oLaaJI^ 

A_CjjuJI <_i_!x J .ol *i i^aIIj < ^oj JI j-Łl I j 
< J—II —■ L —<£—a- 

J- LU -UJJ <CjL 


M-.L^JIj .SjljjJI oL-ilj k M y\ 
J1>}LajiJIj ^jJI^ <oljlj lul l^ 



j jiaJI 

i.k^wiz \ uii j^-i ^ .-.vf ^ turbines oUixJI 

A A 1~ A. ^ ^l^_łI w ^ A j J A_5l_la j^LJI ^->Ij ) A11 

/A \^ l -^. \ I I A C \ * 1 1 j) - < 1 A \ 11 ^ a! l^p ^l_xJI A i'1 ^ O l *1X 11 )-® 

^ 1 U 1 l^p ę \^Jl 6jJ ^-o j .A-LcJI 4_klcj 



& Q \ f 


jlj!xJI 

jiU ^ ia~,„~ kJto ^Jh heat pump ajjI^I aViAJI 

(a lAflA. 1-fl SjI^^. Aj2h.jJ ^ j (_£jl^^. jju^a) (jL^-0 j-A 6 jl ^>-aJI 

oli-i-Jaj J &I 6-°J >=^ (^1 

.d>Ijl^_i_lI a a \a.~. a 11 dLL Lc^ j<ii a_jjIj^JI ol ^ <^xil l 






























4 ht.mH oWl 

H ♦ 

^uia i^iaj J v oVi simple machines 4hjunii oWi 

L$_4xul JJ-i L&£ 4.1ri im i II óVVlj _) ^lj <>Lajl ^a SjH & \ ->-" lj dSj^. 4 WJI oWl >u .Lłi. 

jl "V *V d t<H 4 ^ 4 l^S 4 ^L^-iXXŁjJI oV'Vl jll J \*tUll jJl£^ oLjJlŁjJ! ldxajl ^Ij^JLUilj S^iLlI «_$g-l 

^LH Jj J )^"i i La fmi^ I II jl ^1 Jaj ^1 djj^aJ ^J-Lfc 4Łi>jm i II oWl jxLi.gj^ .J^l^ Ja£. 

. j\ui^l l ^j_Lł 4athrt ,^di j^a ,,i t ii 


JjLJI jWJI . I 

■oVVI ^l^j.1 U ...j) j-o inclined piane J>1 ^ii ~ u ...» 

JI-£ ^-i^l ^-Iłuj ^JLc A \ j X -a A-^^^lj t _jjLoJI ^ U ..i II 
. aJ_jI_a]I ^"^JaxuJ I <il*\ ^ .n II i*l 1 . \ ^J| 1, ^ 11 . -v i 

path <_JiJI <slides ^UJ^UIj <ramps ^J^LJI 

jcJa^JI ^_lci ^uLUjąJl j-śj <roads 

6 jL_i^ i >1 * u ^ ^ 1 C. OlJj jJ A aj^LJI 6^—A_ll A * a ^ ^ 

■ Aym^jl l ^ 3t lr> j ^jl *^ ^~ 1 1 A a 1 


iWjJl oWi £.1^1 

• A l r > j i *i t Cj VI l_A _1C I ^ lJ^ uj ^-^ I (J^-o ^ II A_luj l >~v 

«CjI< oL«-flljJlj <A_UUJI j-jia^uJI '-^-A ^>Vl ć> j_A j 
^ ^ l5 -Aj llj i^^JsLuj^I j 

. A t 11 1 1 \ ~ 1 t -v 


^c Inm aJI 
































-- 

4 \y * II . 

JjVI aJLJI J_a A_*_alj cixl 6 jj^allj Wh 6 Gl aJL^jlJI jjlj 
4 ^ < <u » LII JJ jL^Jjl * Jj^*. A_IJjL_a 

L i iL - O J J . 6j j l r > * ~^ ^ Luj J 4 (J 1—uj_1 VI La J^JU I 

j t ł L t A >0 a.^ a 1 ^ /\| jikJLuJj AjjjJI a£j_ 2>. A_la^^L<u 

1 \~ \ < tl a 1 4 Ui 11 



.A_*_filj A_iI_Loj ^'1 jjlj 


<L*iljJI . o 

>. 4c .l i a U a \ j jjj_a jj*. I lever A_*_al jJI 

JXJJ . JJLj JjlAJ j^J ^ l5 _Lc l. $3 1 1 U ~ J JlJl 6J-JI 

.L*ilJ a_HoVi ^ see-saw ^LiJl L=» 

iJ-o-Huj .jL^_»jVl A .U a > >_n.u^ \ j-i a i a J| oLX_alj_JI *- .xj a *4 

p « f 

a a 1 1 j (j-ajLaJI jl <JjLa OVI JjVl A_lkJI CjLlJj 

ó j l ^ i a A_j_» LjlI I A \ a 11 O La_a Ij La I . La j-iC j La J jjJ ^ 

6jJB Jj* I j-1I «—>Vj Jl CaIj ■ ^ 1 11 Aa jCj jj^11 

La Lał a ) A Lj <<i j 6 jJł j j ł~ jl ^ \ II w | v\r £ j v, a La Luja ^ Ir 

.AjcaljJI ^IjisJLcul jic VI LaL^JJI ^\f jjljI 



. AuluiA 4 I -\ f 




w..* JliJl S_iiiL» i u,..., 5jf wedge jj4...vi 

^ Jx a aJ 





*Lial j .Aal‘Na ^Jł Ajia_ila jI <Ajl5j jI 

^ a£^JI J j^h 

a. 1^> La a^jja, ^J| w |j >> 1 "v*i l 
J-A.C. A_AJ La la Ij j j^Aui (J-A3LJ 

^ j A » i < *j i j . a Lu VI 
a %LLaJI ol jjVI 

^ j I 1 ^ ^ ^ 1 -A 4 





y 


A£*ll-£ 

L^Jj 4kj^ ; ijf pulley sj£Jl 

< _ s —S l——i ,j—o I _l__j—2—s—j I 

4 Lr ^j-o S^SLiJI *_DLm^ 4 U \t II 

A U x I I j (^J-C A-l£ j_a 

. J-f^JI L^J^a ^ LLLj L^_jJ^a 
^_L c A-iIasJI aJ-LoVI Ja-a_al l ^ya^ 
jjlJI a-i^jaII ciLL ^j-A SjSLJI 
.L^-l-a ^LaJI 

o-lj-LII - J 

A-ijj j_La ^j_b jl oL jaa A_iic oaPx< jjac screw ^ill 

(jl LJ j-ll —> a^ I I ^I oL^-la ^J&LlAjj ( AJ^ L 

A_A_^Lal A_^j_^. Jl A_.jJJjj.JI A_^j_JI JJ AA> J .A_j_i (Sj-^l 

.vJjJI LlL^Lul LaI^ A^Lkj 













































ę_ ^ 

U' jLojjVl (jjjU ^j-M ^unt*>j 4 ^JI .E.bujjVl <L^ja J^ia <uLi La^aA light e^aJI JAJ 

, " » % . ' c > . * 

<uali3 ^3 -Ujj^ .^ja i' jLS ^33 A ^'-*-^1 34* ^ 


:^_Li Laj I łCL ^jjjlUI v j£aj tjJ ,<LłALąjVI <LLc.jxu^ aJJ jJJ 


E = hv = hcA, 
ćuiLbJi : E • t <' ^ 


(6.62517 x 10’ 27 erg.sec) o-}L$ : h 


jj^ ui : v 

(2.99793 x 10 10 cm/sec) = *AjaIąjVi i*^udi : c 

<L^aJI JjJa : X 


:6^a 

.La-*1 j II a^a I j = f 

A ~yj a!1 A v ą ! ^ tVI A_C jjuA I A_La^-o = \/ 

. = A 

£j g-j)11 a^x.^uj ^_a C ~ j ^ <v = c ^aJL^ 

2.99 x 10 8 m/s 2 Ujji ajl>U a^iL 
^ jy^«M i ^ a^LujJI l5 _aj :wavelength _ 3 

1 ~1^q\ | />a1jJ 1 ~~ aI I ^ A A 1 1 1 ~ U> Q * l_^o [ (jj ^ J-a 1 I A_La I 

A 1 U ~ ~v ^ 1 I l <Ł 1 I 

J\ J ojjbj :polarization oLŁaiiAuVi_4 

j*» t ,_tl U Q *t VI 0 . I—A JI ^ 1 A1 6 l_A.il I ^I_*_u4 

. 0 I j A ^ 1 A_a^j 


ę.y^A\ 

• f. j) /^S 1 1 A_tu_LJ^JI £_»^)Vl I^ ^ 11 ^ 1 ^ J Q 

i~ , i \ j \ot ^ /4 cl u>u ^ju Lj_s ^_a .intensity SjauJI _ 1 

a q! Uli £Lij ^_a j .&jiuJI ^_c^u <-a-j j)I 

A o l Ul i 1 Q. W~ ^_jJ I A J A l_AJ VI A^j^jJIj -^.11 

J^U. oIjjj jl jljl: j j£. jjt :frequency jj^lii . 2 

£—o 1 J ‘ 1 r (^ Lc <li >) JJ^IlJI ‘ ł ,J -*1 ^ .JJ^aJI A_LA-a^ 

:A^^J| J^Ja 

f=^ 

A 




łjjjzj I 1 J 4 A 



(J-° Alu ^ Jj Jlu^y ‘jL-a Loj-oC ę - j < A1 1 -r- 1 ~ \ 1 > 

^:LJI *jU^I Ul Jncandescence ^jiJL SjLJI *UlVI 
A_5LLJI <Ju (^ j w < io ^jl oL»jjl£JVl Lj-X-A ^£. 
u^S 1 ^1 jljJI ^jj j .luminescence ^^jJI jl JJLJL 

óuLłlj A \ ~y f* < 1 1 LfrJLl ^ J ^_L. Cj-flj ^1 Jjlj jy V U1 1 ^ 

(c5jj * , AJ J—$—II —oj—II ćj \j jl) 6j—a—Lui_LoJI jlj_oJI i 

Lr ^_fl fluorescent Sj^ILlJI jljJI Ul .phosphorescent 
._Li_s aJsL ioJJ L^_4 -^jjlj ^-LljI pjju^JI ■ ~ ~ ^ ~ 1 1 <UL 



^ J) ^I I <A-^aj^ 1 i* i O A J t u \ U j ^ -, 5y A_2 ^j_^ *J <All(l 

.^IjUI JLSIjVI 

■Lajj jU ^.lc <_A-> j1 1 A^jdl L>j-I K *~ 9 „(? 
£ L^j-II ^ LLjI j^_fl <-Lj<.o jJI ,^uu^y S * jUJI A.C jxu C)jLa2i(3 

•^Ij^-ll L^-o 

.^l-JłILujuo ]r\\, LoJilj p j«AII Jq~\j(4 

.g- j < A I I U -0 aJlL_2^-o LaIjJI CjLxj-oJI (JjL *- o V*t A. I ^jc, ^cJLIj^S 
(jl jl A-u^L-taa-oI ^1 UJ <U } e j-uaJI ^ \U<v^ t i-v 


. A jjJ\ 3U 



^ c. j .AM ^łjJu t a 

j I g- j < s\ 11 l ^ is*) 1 u~\ \ o La Lo £ a_s LL ^ L ai> I j jJ I J/^^v > j ^ 

cJjJ-ll UjXjj .g-jtA II ^cJLaj I \\ a ^jik.1 a i ,,.«v I 1 ^ \, > 

excited SjLLo oljj L$_»U Li LLJI J_u> ^jlJI 
LiLLJI SjLUI cJjjJI jjL^JI *j_^kll Ji-Uj ,atoms 

jl j l M < a j*\ I cJj jJI l ^ ^y l łM ^_lJ I 4 cl LII 4 t l Q L A. *t j .iUljJI 
^-JI A_5LLJI A_j_>cU J J .^v> j . A \ \% r>11 (J^>Ij JJI * K^-y ^ g. j i^s. 1 1 ^ \,^\ I 

^-4-i_ij <CjL^.j<oJI UL L^5-l ^UJI CjLy.j-oJI jl olj jJI I ^Ia~ 

jjj^a L^ t J^x \ A-L j«AI I oUyj-JI (jlj-ll 

AiU U-° 1^0-° o-^h^I 6^11 ^ -o^-^ u>l l*i ^ 

ę- 

.^j^aJI ^IjJI 























JfcJl 

^i ^mii shadow jilji 

jJaAA (Ja jkjliLII <t 11 La j ^ tuą. <j<ójia-J 

(^1 

JlaJI .^^UaJI ó J J ^ ) o i(M**tft ^ rhm I I 

jV iaaa opaque u fLo^i 

• djĄt j* J-IaJ fji*JI ^U1SJ\ 

j> m%, U j_a.Vl o-iLąJI ^—1—t J—ia—II t*> 4 »u j j 
J ió JSLuujj .^ju-aJI jJ <<^ a U «ŁąJ^AJl 

o 

j_A ^-J^-uaJI J j 1/i a J I jL£ lii 4_i_£J 

.^bdl 


^ ją.^5 J£i\ ^ umbra JtJl . I 

A^JLoll (j|V < 4 _!l\ j .^klł ^^J -0 

.J^jIjlILj LoLoj 6 Ji-a ^ dS £C_kuJI Jj-o ^ U i 9 

. jkJI jc^jSfl ^^łll penumbra J^kJI - 

Jtj.f*JI c>° ó-o 

A SJ.A ^U J-*—J 1 —° 

1 o ^ .<i^ \ ^ ^J_lJ_Ls_ 1 I ^ < * il 1 

.partial eclipse Lr>^ 


< i qU\ aI I 4_j| [(JjaII 1 * ^ a * ^J_iilaJJ Jj L ^ J j * ~^j) 
j) <.All jJi <«^>a 1 I (J.A* j \ <3 j ^ '--j ^ j ^ ^-U 
I i ic j a jJt ^JaIIóJI <J dii3 (j-o 

. JtJI ^ subset 

* * * 

\^'~S Jkll ćJLj ^-cui LLi^J d2k^-» (jl 0^-^ 

^o ^1 i « u \^ i ^j .antumbra Jkll 

jj ^ ^ l l ^ LiK 3 jL*JI 

6. C.Us*i A ^ '- > J| ^ ^ ^ 0 }^j 

^1 11 (^J-Alkll LJ ^ Jaj (JkJI J ^*> 

fł. ^ . Js 11 , \ 1 < 1 1 



d a r. ^ A II JlaJI ^ljjV ^j^LAjj 


JlaJI ^l>»l 

> ? ^ l l ; j ; .< I I >1 ... ? Vl diJ > .- - V ,^.Lu.- > Vl (j-t i^LUI JMiiJI 

J iIU iI I ( JlaJI * J * A (Aj^l—ŁmJI 



























CJ-O-M A_ALo JJ Aj Jya 


Jl £-a J^' J Aijl 

O^AI AJo JJ=JI £-ij-aj J^Ja J^~...j 

^5"^- LijlA^J 6j-j&l_laJI 6AA O AC Luj 

sundial (Ł^ddl ŁcL-Jl) SJjjdl r » ^~... i : 
J-LJI J^ia A_u^sLk <J jJ^JI Cj-oA^JLujI Afij 
JJi ^ JLLl* ^jVl ^^ic. ^JLUII 

IaJ -(0) ^u ^ . r uJI ^ L q ~\j 1 <L_^lj)J ^ 1 a ~ 1 1 
d ^LL_j 1— a iu\ \ .^x_i > d 1^ I L_^ 

i-L-Lj ^1 cuL$ 9 .‘a_J_jj_L 

| » 9 0-> L£ lr> 11 ą\c,j ^ fl/^s i | 

LoLju A-jJj-aT. (^ u - ^Ał JI A-^.j J 90 

^a^JI Oa" SjIuLa-o JiaJI (jL^ 1-AAic.j 

•f\>±ll J^Lk JJa o 


a <*ż% ^ 

^ A fU~Ji ^ 
<opaque w£ l^A^k, A Uuii. 

^I Lr ^ II 


i o1a.~ 4*\ J ^ ^_c. 


JlaJI JLiljl Ax jjlu 

jJa^O ^1 *JuAll 3-i_X-JI ^ui^Jl ^ iiLu^JI OaL£ Ijl 
LT^ ^hH-£ ^LL ^ixi^ 1 1 i ,,.ft S J>% < 

.^. j Ai ^l l <S>j^ J^la (J^Alj 6jLs-jf ^-ujjJLj ^LŁs dj^JLaJI 

^<XJ 1 ^ chH A_sLjała]I CjaI-^ I jl A^^dl^ ^ -^1 1 S jL»J)_ll ^-oILxlj^ 

£C-U<aj ^^-Lc - L. u m r>l l (JJaJlj -i_jj-il jJjuo^o j ^AJL^aJI 

CAf-J O La L« aa a 1 1 J^C. CjLoj_U_o A-JI ^iaJLJ ^jl 4 \K *2 V 6 J * ^ ijsLu-o 

^ JaLL» ijl A_Jx^ Aa^jJ V <Gl dJj .6JjAa. 

^ MiwAJ jl Lul£xjl Lfs IAt Jldl 


A j\j m 1 1 1 A-JLuu V l_j 


























II . L$"il ^ 


łaJ 


A i 1 11 \ ^ ^ 11 


tf .„,u ;i,n ^i^ji oijijlAl <j* ^ </*i ,electromagnetic spectrum 

ji ^ ^jJi ^j>Ut L^l J^J' u «-^k9 

a a l U 11 1 * i*t ^ * Li "sJ 1 dJj *Lu2uLaj 
,<U 4^JJj ^ {jF uxjJojĄSJ\ (j^ 0* <ł ^ AJI ***$ 


<wavelength a^JI ^ oUL»^VI 

jLa^o ,r*A> j .L_LiiJI ^ A_*JSj-o ^VjlZj[ A_^J-o J^lfi 

JA_>a >~=> ^1 jj>* 10 23 <gIjj >‘ l ^ J '-^^ 1 t'-’^ 1 

*> ^ * 

,a_jL^_!» V Lo ^J[ ^uuj 10 13 (3-° c>L^.^a1I JI^JoV Liflj jl tLij^-ł 
4_3Lxul^ A ^ v ^^11 A_xili VI ^j-na-S 1 _ia-qJ I JJ^UJI _. w ijj 


^^aII pjj-AJIj A ». a\ vll j A_*_ŻuVlj A m \u Jl A_S_L VIj LoL£ 
| jj .A_i5LLuj *^UI Cj \ ^ ^-oJI^ A_»^X-t-aJI ~I^)-o-aJI C . i^ 4 A_»_wjVI^ 

^ 14 U^.i aj.xiaL^ 4 $J 1 aaJi,VI J^ ^-M 3 

Sjlj^JI a U^lj_> J^iiti ->j .J_»LajjJI 3 -0 


^ < >«\ j ^ ^ 1 1 ■ a ila 1 I I j-l-a 

2 i... łLj ^II Cj I -w L5^ A i . Aj ^ lal \X a]1 6^-SJI 6L^j|(1 

.<La.j-JI dlj-^ ^1*. 

l _,..._,U j j < II oU.j-*ll *>> ^ Sj-ŁJI aLą^l(2 

e A_a.^_31 A A i«i« t lt \ \ ^ «ol I 6 j } ^ 1 1 6 ^ ^ 1 ^ ' C (_Ą ^ 

^ a_^L»jo^H S^U! ^3^ ^jLcu-i a, \ ,,i \U\ xa11 6^UI ^3^(3 

a \,ii \ ^ ^ i 1 .~i i 

6J rt~> ,U^, LL-L- O-o A J , u _> kj j Ali oU?.J-oll ^-iJl^(4 


^ ■ o VI I [] ~* o ^ (Ol—i-fl Oi^ I <j 1 CjL^^-oJI 

•J .» *' ■ -'> 


oL 




Jl 


^u(5 




£^l_JLxuVl 
A^j^JI J^Jo 


\vvvvwiwiiii 




.VI, 




■■»> >11 33 1 


uu 


<L=k.^JI 


Ul 






4 t \ >1 




olj^J 

OIżul^j_S 6jj| (julj 4 tl^| | 


£j \jj ^ijA (^3» 

I_ 




a. ...^v II 6^1^^. AsyjJ 

A^i Uj^i 
6jiJ ^^ic. ^LxiuVI 

<^.j^ji J3° ó-° 
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^ II 


A_i j_i j_ IaII ol- 

3 4 ^ ^ ^ A—uta^ t t u ^l l 

ij \ r.r, -, VI 5 L_^j_SlO—li 
.SjLJI «A^ 1 I 


^ jLajj ol^A 0 
2 ,... tU j(j^ll ol^.j-aJI CjI 
_ ^ 0 l*> /\l | 


■ z . 



















































^^u^LliJI L^JL^a Jj^JIj ^ L>Vljpb oLijjiUVI v J J ^db L^Ulibo VL^ ol^p£]VI a£^ jUi 

j5\ .^.jjLilJI jLąIJI ^ ji CłljJJI 'łb A. Aj Ij[ <jl ^_j J jlll ^ ^jJI I tjS-ojj .Lu^aL l bU V<~, ^ i j^ |<llj 

.c-> JJb CjLaj^I^JVI J-* > J J jJ^J Lao CjIj jJI ^ Ijl jl LaI dii j <6jLcJI 4-i^Ujfl<ll A_^^Jl Ijl ^..<1 1 ^ 

olj Jl iiLU J ja-* ^Ujj oLcLłLI ć*b JlkJI L5 icl ajI^ A^jj I4J ^1 jl^JI « ^ 

• 6 jL^ ^J J 6j ^j f -0 £b*-bVI ^ L^Jl^Lsiul jlk: oljJl Jji^b 5jl^pJI 



.A_iJJI ^ ^jibLcJ Lr ^_ś 

j'- L * * j —o Jj—U j— i — u&\ I—o !—L a— a* b V (7 

l>-° i^-*j ‘i j. ' “j^ j-f^-ll <■ a j l nl l ^ 10.000.000/1 _j 
o}Lc.LLdl ^j£. ^Ilj (j-*j .Ijjks ‘*-*-‘"”^1 jii^l 

lijj^ 1 ui-^— 11 Jj-i 

4-bJJLdl > j ^ a Ii Ajj.^s 

ju£.VI ^-i.£. djjfc 

«A-J > ni4 1 1 II 

y^UI 
AJLuj Vl 


: d a I *« a d i / 1 , ł U j j <C L *\ [ a ja 
^Ij^Jbu^J A_1 aI_S A_kuA*Ja^£^ A_^.^o (J^-lal ^ \ t > ^"1 
J L^b f 'f£ 1.5 ^l^a. 

i_S-Ś ~i , .i l j Ij » |~V~. 11 oLa.J^JI (2 

. ^ l X l n 1 1 I n j Cj V \uls^\ VI 

U-* ^ J ' f J ^bJI 4. Q j /i * I I g.lj-^^.11 4 ^ ń, VI (3 
^ ‘^-Ij^JI o-ab oU.^6 ^-A 6 jLJI jłajLc^JI 

•tfJ 3 

^axJIj l^iajj Lr iJi oLci x.tuy 1 (4 

Oj^j • <4 ^HJ-JI 4-aa juJ\ 11 ot^.I 

.^ULU 1 000y 1 ^ 

3j-ś 4_xiu VI ,^-A <jauamJ I jjjjJI ^1 a a L V I (5 

black j^ujVI ^ jaJLuu a a \ i il 

•L^>» *LiVl Jjl^J light 

IjJ ,^ąj| J_i£. jLkiJI ^yk SjaUl <j'm,.iII <jkbu (6 




































juKajL; ó* 6 * 6 * <Ł > u ®- 1 ' J '‘ A -*j' djjfeUś 

j?. \j.x i i 2 «v ^aii 2^ ^ a. 1 ^"> 1 j^_<*"< <l»L i ji 4 ~t »j)iaJI jxi Kx . i i *»śjaj^ .r©fl 6 ction of łight 

,<Ufc J±us> j,jJI Jiaj^JI ^yJI J^A_» j )i lis .4 j^axu$ (>HJ ->- Lfc 


^JaLllI Ka.I I j La l ...I I £. LłiJI Jąj <lLoLoJI 4-jjljJI lS -C--£ 

2LLaLJI i-jl^Jl ^.Lj <angle of incidence Joji*JI ś>jl> 
angle of a ul£jL>Vl ijjlj-> u ..‘ś»\Jl ^UiJlj ^lill JoiJi Jaj 

Jjhll jjJLłJl o^j .reflection 

. 1 ^ ^ i *)[I A_ijlj ^^LuU a 1^\ n i L I Jaj ^mll Ajjlj . jt—^ ^KaLl 

\ s \ I ^L».rJIj ia_ALJI ^ 1- t . ^ i l I (jI ^ 1-iJ 1 oJ ~*^ V ~ J 

^_Lc J\) ^j.a.^11 Lku L$_K lajJlj 


juK> Wl 

* 

t\I^ <a 11 Lua ^c_La-uu 4 -uj1 >1 p 1—uI frj )<^v ll ^ 1 J 

^Ja^dl ^LsiJI ^Jjj .(JoLIaJi^I Jiilji ^-Aj 

.(I) incident ray .kśLJI ^UiJL. j-u^a t> 

La ^ L ■■■ ^lc. aj .A II Jo j l ^ C> . l~fc J I JJoiLaJI ^X.Jjj 
u ^i ij .(R) U>»jj point of incidence J=jiuJl Łkiią 
;ua-. ^ Ljjj^ fj^j^Jl j-* normal linę ^LJl 

^L»JJIj la-śl_uJI ^La-iJI Jjj i-jjljJI ^ _' j-*j <Joj_5_uJI 

.reflected ray 0 o^»'.Ji 


























Idiffuse reflection jiiui 0 ..k. - t yi 

(j r.ń i nil j I) j~ii \oll 

' -) ij ^ " < * -la j) 3 ni I I A * u i VI >" V . ^ 

U*bj ira $l - u -JI ^.< < * t j >i \a! 1 1 ^ < \ VI 

cfll j u -j ) < *j 6 J- 2 J j A-jjlj Vj_i ^ . V I\r 

ej ^^-Lc ^JjJjJI ^1x_llJI c^ l ^ ~ ^ I 

^ju I X x \ V1 ć; .Jcł-sL-ujJI % fi 4 .ll ^JLLl> ^ jJI * 1 \ 

A_j^-LaJ I ^.1 VI ~ \ nl I 

| JLrn-o J J , A ^ J_j ,-l^ j < o L^.^a1 I J^Jo l -n I 




^■la łaj Ą-X J i U ^-J-g. IjLoJLcI 

^^—>—jl ^jL__s <1_o__i_JI 

Oj ^ j 0 J 0——*-^JI 


.^LaJI ^Jaxu ^ _X.1 t ł o U l a] 


^Ij^JI jajI—£■■ X Wl 

IOa :specular reflection 
<LąL ^L1^VI 
g-j)<All * w <la_s^ .slj-01 
j «o iLJaJLj j^j—c ^jlJL!l 
.J^lj fcLskUl I6J^.1 j 

^lc ^ju l \ VI I J_A Jj J 
<_i£L^JI xJLJ| ~ U .„ VI 
J_A Ijl .61^1 jULJl_$ 


.U<a<.u^ ^jLjJIc.1 

6L=k3l Uu i I I J <<Ojl^Lo OlŻLiI 

* * * > 

a»xilVI ću^ t L yj[^xli s ^\ Jiiu Li^-o Ijjj jjłLLuJI 

A_ua^_» 61- ^ . > VI C^jl^>^l c_^t^JLjVl A_taAj V V C S^IaJLJ-OI 
.^j*iLoVl 1 ^>« *j I L-j \ \ A_3k^-01 JLS-ł I jJ 


.<U^ kl^^ll 


. ji y a 4JLuii jOlil 


































jLu£jl 


a# 

ę .AII jl ...<M > dL^jl 1 ) mu ^Jl iotuj (j-a jaj frl t^ .jl ^j-C-JJ 

iaiuj jjjj <lLc^xu jś j^Lii o j < u , i ^ ( AJ i jl < u fii .ii .refraction of lięjht 

.Jal Joujji ^Jj iiiLj£ ji£\ kjutj (jA JaHj jl£ Ijl ^IśLUI la-aJI oLąjLj *>*-2»-ll Jaa ^Jl *£ua_ll jLui£jl 

j «*».«. /j ^ "ii & — j .Ti «^ i ..i^ II jl ..X >1 J_ą| > _a ^ I c jl_uj£_jVl 4__i^lj cśl U . 1 .. & I J 

0 La^Vi oiUix4 jaj Snell's law 


y^l ...< Wl Jabui La 

refractive index jLu£>VI ,>l*_o 
.Ja^^JI ^ £1^1 ^ <^JI 

- j p jLcu^jI A A_jl_ł 1 -Ajl 

jLui^_łl (J-ol.X-0 ^L-S I jj .^^1 Jl ^ <x> ^5 (j-° 

A_c ^jxi ^Jl V £■ j) < ' 1 A_c .^_uj A \<*i> ^_A PI lr> 

<i 4 >,^11 t A_LjjLaj -C Js^juujJI 

:A_JLlll 



Vp 



P-Ldl uf JI *1^4-11 p^uajl Jillj 

t*s \ I I C . t < n \ I I i i^ l iLj^l^-4 ‘ ‘ 4 4 4*jL£ 

jJu-oi ojLui^jl A_ijlj 1 atu <^JśLDI 

.*1^4-11 ^Jl ^LaJI JiLLiI jJ 1 a ifr 



jS jjo-aJ jLuaS^I 

Ijl Lal .MjLa jjjlJI 
Ma Jfkuj-; 

a "jJ i jLui^jl OkUJ 
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J ^\ 




jLu^Wl ^ajI 

1 J^ <>u ^ * VI jaj l^_S I i^ 11 ji "«^ »I * 

^ < ^ > 1 1 ^Lcu^_ll uJ^J .^J^ajl g. 1 1 ^ \ I ^ C 

^XJ jjJi ‘-^^ 


£j)<A II jLuAjl 



J 


J^buJI 
<UJ&LąjVl <Lfc jauJI 

ni 

Vl ^<9T 

^\ 01 

| ^iśLDI JaóJI 

" 2 

v 2 

0 

3 .^HJI jLu£_>VI jjJłli c ^xaj Jliu 

i 

3 
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d) 1 _C ua 1_1 ^_ijJ J 1 — X - O ^ L *1 V 1 ^ O ./.i | ^ 

^jo^j o^*-j jl t^^ iki AjjJI ^ *.j-lA1I VI 

.jLtu^j^l o^LoL*_o 

Sin 6i _ vi _ ri 2 
Sin 02 V 2 ni 


JaIuj jj^LS 

^*x»LujVI ^j^_>l_Lll ^_a Snęli s lew (J^ **-■• ^^jLS 

A-5 V-*J I (J -XA < -u (j^-> U .j Li.i/s > VI ^J_A l_3L-0 > 

I j_a j j .jl—(.u ^ i VI Ljljjj Jo^_L_ auJI 1_jl jj ^xj 

jL.a<L>Vl A-^jljj -laj -ft > ^ l l ^jlj (jl LJ-^ ÓJ-^L-L-H 


* 

(jl ^J| l-^uójj . 1 *><a>jJI 


(J 


LUjLj 
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\j Ia * W JjL-u 3JIj uLj</vUI 

SjL&JI ^ 1 cl 4 J-Jja-J J.jjt jv-L-*_ll ,^-A optics oLjj .^ 1 - J t 

sbi ^ optica! instrument 4 -jj^ji 4-Luu^Jij .^iLcuisi ^ 4 ^Vi ,a J i 

JiI^m y ibjj j »■■■"»-" 1 4 _łj^AJI <Lą,^-dt <LąJL*_4J LaI ^Lb^ ‘.f- yJz ' I S^aaJI 

A11 oL^^aJI 


► 



■iU-il-jj-iiJI qLjji ri t II 

jl physical ŁąSL^ąaJI 

J\ ^ wave optics (Ł^j-*JI oLju^Jl) 

A v ^ ^_x, A 3 1 ^ ^ 1 C 4—«. fllj A U $ \ J-£ 

^,1 i jU^ l ^ ojiJ-o wavefront 

Lu* ^ LLai^l disturbance 
LaJ .HuygerTs principle 

Lojir. manifestation ^1 SjjłLU 

oLjljj>l js. jl S-U^ic (jjZ 
.A_lj jU A _^Jjott (Jj^ln.j 

J^'jUIj ^IjUl 

j±L J U VI > >l j c. ^ ij 13 —a ^ 

j t t > 1 1 ^ J -x. | j \ 1 > lj U « >*n I A_fl i » ^ l_ł A J Ir"* ^ 11 

.iicUiJI waveforms oUJl JLSJjLj 
^^-51 

, ó \ aU.^ i ó^=hj .interference J^ljiJL 
6 J—$ 1 (jl—£ 13[ ol O-^J—^b c£j- 

A <*/q\ JJ^iJI^ <iU^..J^J o Cjb^.^-oJ 


. ^ j I i) 1 "V ł \__) r < ~V V 1 I 1 ^ ^ -ft * i_S l—JI 




















fsU j-a microscope ( VJ) < -.^<.11 ^i) J ar .n 
.converging lenses j :j a » 

& 

Ż*} Jl J -}^ Lr lc fj. 




6 Jl —> J I .U I 1 dJ L 


^y^AJ lj_J i^y ^ r>l 1 

A.11 ~* 1 v 11 *\ 






_ 4 ^< ,it 1 *i H 

r^ 

telescope (^s^Ji J) 

. 6 d - i .* \ 1 1 ^1 VI 4_i^^J 

h-° v —11 < LI 1_L_)J 

JjVl L.j*JI > < j > tm \f 

A-U jJLc LjJjLoj 5 j ti ^ .n j j , ^ 

^*Lh <^1 j^-LI (Jjii di 3J <LfJjj-> 

L3^Jj <a_jj_LLo ^_j j^Lhll t 
A—a_LLL* 3JI ^l^_^VI 3>V dii 3 

-JSŁJI 


, . yC.-hl l 



Jjj^jl 

ę■ * 

Jj-^ 0 ^ ~ jl *—Ll3 L^3l3 Lo UIU jLI l H j 

k —* 1 ^ ts*i Cj 1—^ 1—i*xj*\ \ I t t \ ««■ t l_A-a ^_3 1 * 1 1 i S 11 3 

£ IJ-*—> Vl jl Jj_pJl— i 3j_Al_la_II £> j__A ^ c J-Jj a j * 4 . ^ 

A^j-JI JSUj 3 ^ j^x-JI Ai^Ho O^j .diffraction 

.4_jjLlLo jLu£jI CjV~o 1-JL-o 3 Uj >r AL^-AJI 



. plLI ^c-l n tu ^_Lc. x\ ,"J I <JLujl j) > i 1 1 ^jLc. ■ ' t 


4 t A I I 3 \ [ , ,, Yl 

1 A-^dxJl£ <LjLk.Vl o 1.33)-a j_LSL!l r, 

^_5"1 i A-Ai l L-o1_Jo_j 1 ^ ij J 7 ^ ‘“~ ^ 

1 1 1 a \\ \ II ^3 ^ 1 U \ 1 1 I3_a 4 ^ ą! ... a 


optical 


-^hj- 


_l3Luj VI 


^ A 1 —uU 1 <» 11 j Ą Q 


Ł3Lll 4 x,VI I3J ^Jl A_oh.jj jl resolution 

J-ą-^UlI ^l£. 6jdill Lf3l ^lc 

^Uolll ^3 
^ixaUlj C>3xuUI 

phase a_^j^JI jjJa a_£.j_uj jLaJLcI s^_-aLŁ=> ^ ^ 
dispersion c^yil L L^jj velocity of a wave 

^ '— 1 '" ^ - "ik j 1 .1 ^I^J VI 3 -A ‘** * * «^«* 1 1 4_LLoI ^J • A a 1^ 


J_i A. 3 1 \ O I^J I 1^ A j V I p-^ « A 11 1 

c> $:>» c^ 1 U s jjt LU jjfc scattering 

^ l l A \ < I _ \ X 1 ^ \ ^ \ m 1 A .11 l l dMŁ«0 L ^ ł 1 ** 11 "V I 

^_lJI C»LujI£xjVI -A-j-fl J-OJ ^_jJI U... J II 

^-kC sH> 1 —L 5 k X < Vl Lol i bjy Cl \d I o Luj > ) V L Ji * x 3 I 1 

•A^jIj-^ll cjLl.LLlVL ^cjl3 6^ixj3-JI 


ijj-uAjJI SljVl 

^ optical instrument 1 1 sijVI 3 ^ ^ -.\ 

J-u^aL3iJL ^loJI a_»jj 3^ 3jLo1: 3;^^*^ 

; La-A 3 > dl_ i j_^a_ł 3^lj! j-4-LIj a fl J o.X 11 


■ /■ 1 V 11 ^ 







































Ljl j-aJIj oLxuoxJI 

« 4 juiiV JaU$ l o'j ixu^4 ^aLiJj *ui lens 

** ę. ę- 

jJLusi 3 I ^ą£I Ij^aO J^iaj jl ól_UJA*JJ (j^AJ dJ jJ .d^ui£ ^1 £^i_ll JSj ,jA J * "' } 1 J* u* 

L^aLaI ćLZjjJzyJł *LixuMJ 

dij-dl ,^3jUVl ^1 ^4JU l^ J^Ła xo A*.l tr lla49 £^>11 (> ITlirrOr Sijudl £-Uai 


^ ...I <« M J^Ljca C)lj ^1 <u>' Lilj-aJI (j? J^SJI (j^AJ dJjJ Lfja Lljj^s u' * ' '^^-3 

^iljJI AłaJ I ^j£i4 Ul jaJI LaI «l$4 lii jil^JI ^UIaJI ^j-Lc cjLuj jxJI . JaVl ^jAa j^.1^ 

.I44 Lal 


3 jt SaJI oLtu jxJI 

^ku- I 4 J oLd: ^ concave lenses 5I ol^d*JI 
diverging lens s jaą-o Ł- jc. ^j . J^l Jl lt^ 

IJJU jjl 6 j-*JLdl <Lu J-*-JIj .LŁjAAI OJ^u£>I (Ali A_aJj 

A_ij j i Al <L*Jii VI j-ajj . 1 ) > I A ^ l c ^-A Loa 1 fl ^ 5 -^ 

6 j^_iJI 2 Ua\ ^_cJj A U > ^j-o Ood-5 L$->L£ * A_xoj J_xJ I 

^j 3 > ^a M .«.aU ^_cj_j^ .A-jujj.^ II >, 41 Tk. focal point 

jj lIj jIj LaKj .focal length ^jj-JI J^ 1 =JL> a^jaJIj ^ 4 _jjJI 

. 6 , ji diul <Lu Ja!I I^alj <Lf±Ś JA-^JaJI 



3 >j.x \a ćUu jx 



jAAjJI iUuLlj 


4-j jiLa A-uj jX 



oja^JUI <uu»Uu 


■*>^j ^ Lut AC 


^ ■' ~y a 11 oLuijjlJI 

j^.Ij ~u... l$J oLjł ^a convex lenses JLi^Jl oLujjJI 

oLoJt oLoAJlIIj ,£jLiJI ^aJ> 0 W'J 

aa,i> iJl ^>aJI aAlI ^-j-oą. converging lenses Lj^l. 

^ L« L*3^j^> Ljaadl 4^-JaJlj -S^-lj daii ^[ 

aĄ^AJI Aj«iVl aJL$ , ^ £ - 

2 ... '■« II 2 a ' .../'I I jjj ,2_i j^aII a_ujj » 11 ajjjąJI a t- i Vil L> 

.(^j^ąJI daSlll) A_ŁiVl aJ^Lij 

.optical center 2u^ jaU >AL l^o*JI J^j^> 

—--< 2 >- 





























Cy*J cJjUalll oLuJjdl Cj-oJÓJLuI 


oLujjjUI jJ^LujI 

^JJ (^ 5 -^ clhi^ ^ ^ L 1 ^ * 7 ^ J i-AA <JL> Luj SC. ^ Ir 1 >\>r | 

L-° c^LJI ( 3 ^-olJ cJjLLill ^_a oLujjjJI ^s~±2jlu2j .^LLu VI 
Li^ji jl aJjLu-o A_xiljJI *ULVI ijjj 

.jj^cJI Ja Lal] V \ I I Cjl^ł-aLS oLuJjJI ~ 

.oLuj^aJI ^-Lc ^j^VI 11 JJLuj jJI j 

‘^1 ^'-4\>- l, j <>4^1$ j ,jLk_UI 

f4^FH ^ JlLujJI & j_A ^LJI 

•L ^j l oLuJ^JI \^mj Jo Vwuj_ąJ I L 1 .VC J 

Lj I ^ I j ** < <«I 

c> Cy^^j l 5 _Lo> LJj^JI Li * j J_^JLxL> 

<iw ^— a —L*_JI cj I s. x L 1 LjI^aJI ^. \ a. ~ ...\ l s U \ *\ .Li_j_JL_i__A 

LI^JI ^Dl£j .cJj-i_^L5Lllj jj_JJI j ^ j< ,,.i ~11 < 
•LL>^jJI j-LLLHj oLjJJI ^ 31 ] 


SjjdLJI Sfj^JI 

concave mirror si^ll ^L^JI 

' '— L*^ 6 jX <S rj l LljLI ^ w ~ ■««"^ .(JjklLI 

*1^1 6e4 ^L^JI ^LSj LLiLI j-oJ» J^IJI J| 

SljLI jlj l ^K j .Sl^Jj J^JaJL LijjaJI 4 U a \ 1 1J 

.^krj La^.^ 



• L^oLlj SjaUI LIjuJI LjjjJI , a t < ^ ŁUJ 


Lj j-^Jl Slj^JI 

S^L-o sfj-a ^ convex mirror w J i si^ji 

A_Lljl 4 .1 i Laa <£ jLJl j-^J) Lą J_^JI Sl j-aJJ ^LOI 
^J-i^JI A_J Lii^Jl j 4 ^ ,,.1 1 

< LujLsLL I Lx_żu VI jjuoj Lijr^JI Slj-LJ Lj^_JI 4 L a \ 1 1 
.ŁujIaUI Sjju^I jL^I ciu^Ll ^j^JI J^kJI ^ LJSj 




?^v-Lu 


piane mirrors i^LuJI L*l>4l 



jl SjiLLaJI LjIj^JI 

0*^*3 L^.1 ^ 4_ila>All 
jl SJj^> jl 4_A^o _>ĄtJ SJiLw 
L^Lol ^ 


JJ S^JLij^-a 




























* 

.11 £ ljui,yi ibUujj ,';S'Ai» " 5jLixJ j l uzll ll y> laser j>UI 

i.....i. jC < i f i . . r. i ijjf Light Amplification by Stimulated Radiation 

* <* e 

.stimulated emission Lu^a ji 


j 4. ...i holography ^ n jj^uaUi i-dL ^ holograms <uIoąaJI 


«> ...g - . £^aJi ^ jis u* (iuj!Ain djixjL) jL* 4 ^ 6* ^ li ‘~ i< a l 1 

LblŁd d rta.>AJ) ó’ 1> IJ&Aj ^ LhP“ J -O 1 * 1 " 1 * 1 f 1 *' *** ^ 

.4.11 jbc-j VL^a y < A i ^ 



^ ^iJI j^lll ^i i^i jJ Jjfc gas laser ^jUJl j^ill 

jLiJ oljL-śJI ó-® j-^ jl ^ i j^- ^1' ^ * ,x, l 

^jLiJI j^aU fj>>l .pj^kU 

j3^j : J^° 

(_£jLaJI Jj^ SjjLL 

^ Ali Javan ^ ^Uł? 1 

j J V i I I \ * 1 J <1 960 A_Ll*j 1 _1 r ^^J j \ U (J A I *! ujj-HljL^uLo 

2 j \ 1 . ^s“ Q lJ A iIaS.j S JjLŚ j jj-L^ J^ij^l >^l cJ-° 


^ j ^ \ a" a \ i s L^« i a~\a ^Lsljuj ^-A laser beam ^Lxxu 

j V C A_iJ j AjlŻuI ó i 2 j^j-lJI A J) t A ll jjL^-A l^ 

A_j_xxilJL_j \_AjjJo oLa^ 2 _j_iI j_ŻLl£. A <:^ \ < ft 2 .^0 

A_» jL^.1 *b^J ^ laser lights j^dJI 

^ a obj-s Jbl=b o ' b'** 

































oLajJjc&JI 

ol^j-L*-JI k 5 ^ ^ i ...^ 1 11 ^iJI 4 1 \ a ~ \ r 1 ...~ 

jLLojj . 4 -aj j- < A 1 1 cJj-a 1 v l lj cJjj-LJI ^ <_iJl_r. A a l > 
CjLoj-U-JI £y> A_S-ujIj CjLo jls-o (jljI^J 4 j\K J 

t> ^ t^b JLk^ ^ ^ AAa: L$J»U IjJ 

. VI o i ~v ~ \ i | 


OLajJjLaJI £y&i 

O" -0 <“ ' * i V Ajj Lk 4_ikxC. 4 .^<a<^ aJI I \ < > 

a_oj_Ljl_o J[ jrUl^ J-^u-Sj Sjj_^ 

C>1a JtLuj dJJ <(^-alll A_JLćj A . ^^ A. ~ , J U^ j1 j~,<- 

,4_i_Lol ^jAlj^l ^5 dI I J^ Cy ju r \1 I ^1, \^klml ^ Ir 4 s.,^\ A I I 

J ^ ^ L*-l I Cj ^La£, ^yQ ^ jJlSU I ^5 SjllAj ^ W ~ 

L5^ jj^-aJI (jl v-i \^r>j La£ .5 J_^Adl 4 < 1 ^ J 1 j 

^ VI cii l_j Ij k « ^i Ij j-5 1 1 cj Ij j i ^ ~ * VI cj 1—5 1 U > 

^5 ^ . ^1, 41 ^ tl i cAALSJI dJj£. (DVD) Z U j». a J l 

oLljJii A^j-i^JI jj^kll jL*_»VI ^^LDI , 4 ń.< 1 1 

^5 JiLJI kL*i_JIj ń.l l 


1 A / 11 A 11 k ~ % 1 a « 

ę- 

l5 ^)A^ CjVL^q ^-5 Ol ol l ^jAAuJ J I I 4 a >U j I \r 

. A j\ - ft VI (jyZS IV b Cj La J) I * .aJ I ^ *\ A . \ t \f 



cr^JJ‘ j^UI 

f>, AAn j <a_JLc jj j^J fibrę laser jj^ii 

Ak^cJIj <^AxJI CjLojk-Jlj JJ^=JI JiU A-i^lu.ll CjVL^jVI 

(JaiJ CaLjj^LJI ^JS ^-ftjll l j^iJJI La^ ŻŚ ui t oi-5Lui-o ^ Ir 

^ " '.ulli j .ol.iU t Jlj CjLoj_Lsla]I 

.erbium ^^ajjVI^ SjjLj \n .i a >1 4 ^ j>^ > i i 


jj-JlUI 4xLjuo 

.AiLLlI jAu^ U^u\j^ J j h JJ| . \ 

i-^-1 ^ A "‘** O - ^^ ^ ^^ 1—^ mu k-uj^j r.. t ^ 

jlj_^aVl i-kLu,J_» PJ_^kll ^ S ± .X~ : 

^ I ...ry 1 n.i L jj .^s 

c5>^ ^-iJ 1 ó>-14l :gain medium ^ ..r.-.-.n 
J! C5 J b^ c£jjk!b jloua VI <Lii 

aukcji J-oLsJl j_aj .amplification ^aiJI s j^lk 
•c5j^ VI A^al^kj jJ>k-ll Jj^= 

AJlkJI ^kJI :pump source ^JJi JtaU ^ 

J^AJI j, Ua^ kkAlll k^uj 4jJ > kJI jL^J 

6 JJ^ ^-AJI jJu^O jjklj ^IjiAuil . '-VJ (jj]\ 

.kxu^JI 4 q 1 U 11 a\ 

LAjI ^-sj-a-jj :optical resonator ^aii jU^ji 
k^l ^AIIjlj .optical cavity ^>aJI . bj?" 11 : 


Jj-^ cjLa^Aij; <A-o ,*a»I 




feedback of Sjjj^JI a-A^aII <_jjaiJI \ kkAiJI 

lt 1 ^ 5 U^!-^ bb^J a^UJI ^1^1 jjo=aJj .the light 

.^juA P Vk_i 


(£jkJ C-A 



j^LJI oljji-J kuij 


u^j-° 


.jJ^jJJI JAj JSA 









































<0 oLiJI ( e .34 olj ia^aA jŁxu *_aąJaJ £*-*-“• 6* 

‘.j.~H ^daJI ^1 yt> 0>U» W -COlOrS jl>jVL } cLąj^I 

.light receptors iLu^Ji i i 4 j4U aJi oL unn->i i i 





j : <r..-' 2Lu-Lu.Vl (jljJVl ^a primary colors Lu^ll ób^' 

(jljjVl jIj.lV L*_o i_cujJjJI ób- 1 ^ 1 £>“J ób-^ 1 

ęLuV oj-c-kll £>o <^oj aLI dJj lS Lajj j’ i r!>>'- iJI 

r . j. A11 ó^-ill a.luajjJI (jb-^b ■* sL-^ -dl ób^*^ iy“ (jJJ^LJI 
AjjLuiio CjLi-o£ Liją.Jj» ójj^b J 1 A-^ .Vlj _>o^.Vl .^A 

.jjJoJ-lSfl ^J-Lll LS - ^ ' 1 ' ijj^b J 'A^ .Vlj Ó-° 

L^i ^ 3jj^' £> 

jjjVl £> Lol <>^Vl (j^UI j^Vl j-o JjjSfl £> LląLajj 

j£-oj 1 .^yLóJI J* bjj^' ó>^* ' ~<jL»> a Ij 

V JJC ^ J,^> ó' A_uoU,Vl ób^ 1 ' 4I ~'^ 


o . A_. (^LJI o,J-^aJI ó^- jLLó Lo LLj-aII >* ó^* 

hue 4^.j j 3 w j m^t Lo>»t aj-^ J£ ^3*rU .<u-£Lł> jl 

.luminosity (*j-Aj jl) saturation *- * l ^'> j 

o^^j-oll jJk j <S.joJj <La.j-o J>L o^^JI ja ^jjlllj 

<jblVl i> *3^ ^ ó>^ ^-oj^Ji 
Lb^> jJ LUl ( _ s l*o Loo Jj^UI dJ j >Ui jl flLo j-oilllj 
,^oo>.Vl ,jj» ciLjj I 'il . ^i^l ^L^oJI ,>^=>.^1 

. 01 " a. ~ Lfi^Jj <a i u ^ i. \i J l shades oI*^j«aJI oj 4 -b 

• L^3LXu^ 

.*JoAJI iiLU jl 6 JŻj ^^kxJ! Lol 

--- 0 - 































wLaLUaJI jIjJVi 

ó^l ^ complementary colors ^Vl 

E"^ (jljJI j-o SjL^lJI 

• ^ I <=• j )»A11 

iaSAUAil j^JJI 

C> ^Lill CJ^ 1 subtractive color i j^ui 

^ f j cjL^.j-<JI Jb-LI jJm * JI j " -k 1 

^*W^b uL,Uj 1J ^^LJI ^3-JJ 2L^^Jl 

‘ę^b^j^b ‘j-L^=>Vl ^j^VI ij>j-LJI jl^Jlj 

•3jj^b j VI :<_j^_łl_i y\ji\s i ^ k\\ 



ó i^jvi c > 


jl>lVl jaj Li £ a 

a^hjIII SjiJI colorimeter ^ljjVl 

bj) ^ ' lL^— UJ S 3 - ^ I 6 J—A 11 o 4__Cj— 

L>-° * jh^I JK> ę^jJt spectrophotometer ^_.u i 
• 4 -A^= i_W= J£ ^ Sj^ą.>*JI iiLLII a_<X 


jijjVi 

ól>lVl jr>i L^U.jJj ób-^l ^JLc J \ 

jr> LLoj a^IaaJI <- śjx 2 j .Sjjją. ^1 ^Jl J_,<;r.,~J Lu Łuąj^JI 

.mixing of colors ^1^JVI 
,additive 4*^Jl Uj^UI ^i|/vi 

ul^ 1 <^ ^>1 1 JaL:j ,subtractive a_u».^U l 

ć^ 0 o-oL^Lol jl ^jls <j^j!łJI <GLi_ > l=JI J^r..~ j . 2 .a.L 

, 2 _,U I 

additive color mixture SLiUkJl ^Vl ^l jikij 

iLLa_fl .Lx-o ^1 jju^ćsui ę^yL&j 

j-L-^Vl >V^j L^Lfl j-c A^ VI *ju^JI L ^l[ j-aL=wVI 

subtractive color mixture i ^I^JVI 

.^UJI jl^i-JI ofa. ^Lo$U ^ILujj 

j+=± jJŁ^a^b jjj*^l j-A^JI ^1 jjl Ij[ 

2^j-^ aJL-w ^Js j J j) J 

.(aJL^JI 



4iLu2LAil jl^^l 

o-° J^L-? oLxąjI ^ ^ljjVl lJjaj 

.additive colors aJjL^JI ob^L ^lLL. 5 jU J ^ 
•3jJ^b >-^Vb j^VI ^1 jJVb 

LT^ Jj-^=dl ó-^»J 
oLh^? ijj^b ^^b oljjVl 

3jj ^b j^^^b ^1 ^jVl ^ 31^2 

6^ 6^Lia 1I ób^lj ^jUl gjLij LpU 

•L5^-^b ; ls -a aJL^aII ^1VI 



























t 



oLfcbuxłVi jj Wj photography 


radiation sensitive ^Uuij^u 

:$A ^Wj ćj\ a Kj f ^ 

a tf-l • .r.l ^ ^...1 .■■ -n. £tJaxu ^ It »l jm ^U 


£_»jG 

£_>ljJI Jl>J-Łll SjJ-*JL_i Ł - *"* -3 <b^*i 

, .a*'I I olj !,.'|1"' u. I I J() T u JjjJI J^LlaII J-»-S o^-°I-^JIj 

^^LIM <> J* 4*-j yr^b <pinhole camera 
ji Aristotle ^ku.J Mao Ti j, 

jj-uóLj^JI ,_)ujl_*xJI (Jj-LJI -' 

> '-.- ... i ^.\JI Anthemius of Tralles o-Jl^i 

’ ** e- 

4-i j .--u j* camera ooscura LJkJI *>?^JI jl 

5olÓ-® ^-uil^lall JL a . Cn .iVI jl^ ^5j 

,^ J .1 1 1 (j cJ ■» \ Lo£ 4_i_i J1 1 I^ĄaLill jJjl^l J J)L _1 ^4 C^a 


JujjA j,^ 

^•.K 1839 ilu. Sir John Herschel Ji_^ ją-JI 3^1 
U* La^Ucj i-iili^JI ,> graph "uJij-łb photo 
,\j^\ ji\ photograph ">_al>^" Ł*K J^iU 

^1 CLłUJI j^uuaJI jrUil s i^S ^1 L)LLi_j 4 JnC J C'"^ )t^ ii tl_A L>-a^3 

.photography J 



.ćalkall 

Vj^ A_l5^-o (jljJI olj IO^L£ ijlj-JI (jl £-° 

Ua~l l 1861 Liw J* <^>l VI 4jL>UJI jljJ^I 


olj jLu-o Sjj-^ James Clark Maxwell 

* 

S_a.jJ Jjl JuuU fJ j .^JJLaJI JlLaill Ja iu^sL^iJ 4-ŚLuia jl^JI 
.1907 ilu. VI JjuJI Jl ĆJ^I jl^JI ol j ii*L£ i^Lvc 



J"j-* ÓJ^ 




























George ^ 


Lh)' J -*-»-ll Olj Jj) l '~ > ^ 


^Lt (ja- łj l l_>J-ol£JI SJaLcujj jcJUl Ó-* Jjl 

J ^"* — <-j_iL_a_i jj _ua ^L ~i ( 1 5_jjF Ci=k.jia ^ _j <1 826 

aia cu^>j£. d»j .1860 iiiu two-dimentional images 
zoetrope ^ ■■ ■ 3 -jIjJL a ^ ~.i *c * vi 

^ .. .I g Laj-^ .' - . j j ,^n 

(^L U ~> < Vlj jlj_S •; 1 L. dbjsJi) mutoscope 
jj^]\ dą^) praxinoscope , ■^. ^•■_,...< i j: ii j 


Oj* ^ ^>jVI Jj *\ m l Lb .“il a" II ^ \ A - ,c Ia. 

yJaJU Uu> ,ijl£ oltj^ iX.Li)l £y> Cu-a j£- 

jj^J^LJI jdj_a Ja^ą. jij .dcdt£ IjL f.\- .VI 

.kUiJI (>o ę>dl) cwLUl ji celluloid film 

t>>j-ll ^>JI i_J>c (L^_i£*U_jl gjj ,-Jl 

Js>4^* i_yH śł->' I I l_>J-al£JI jjlaJ (£jl |d .l^J LS JliljJI 
£-“=“J Lu> £j_Jadl jd_JJIj j ,J I _k V ,..a I I 

<-^° J J4- a^AliJ iilidl Lr lr. <ąjLalŁxdl ^MśVl 


.^LJI 

^>Ldl 

<jj-UJI ^MiVl i , «d 
^L i<«r» jic ljLlx-o 1 \ tr.. 
J \ j ,,JI 
<jJJI ul/in<<i 




cAj \ j ^... Jj ^ \. \ j \ „j i 



L^“^i J^frL^l < f> Mm JLj 6j^o-<3 
a_=^LJI JjVI J^>l ^kJI 
• 0 I 3 J VLi ^jLaIjUaJI 


OjJ-^ Jj-flJI 

Uj .a_JL3JI oI^IaJI f4ill Jl jLj £\j±[ J S j±ś 

Cx=^ix^l ChL^^b (^jLiJI ÓjUIj uLn> uj!]\ Cjikj tj\ 

.i_^L4uJ| JL^V| AiLS^jj: ^1 ^ A_^^Jl 


jiJj4ll 

«Łaj Um..,1 I ^MiVI J^Lu ^ill Jl^l ^ film ^LiJI 

Lal ^-LiJI ^Lul .LaluJI icLu^ 

^1, i i k*\i 4iLj £_u^a_i jl o 1^-0LUL <_i_ślJ)~ jfll l J j. I I 

f^b visual effects I oll^b^b is ^ 11 oUii: 
^Jxxllj ^ Lilii jjL^O JUL 

.JL^ul a-L^Ij ^ ^LUI oL^^Jlj .^LLoVIj 

< L4- lC ^_jj_s_UI oLiLij Llj ^MiVI 

•l^^LU >»>b ‘U-ILofj L^jLpw j 



jS+a DLuj^ <1^1 j-j ^JjVl 


obljj 

I j^ L . ^ d ^LUI <jLj£ ^^Ł_sVl ^ -vj J t a 
oL^j^JJ ^LSj .o-ijiJI ^ jJI jLuj 

^ Mi VI L^_jjj^j ^Ul Lfl ^ < ju^Ll*JI Li j u iIj oLuii jJIj 
C^b ćhi^L^j *b^lj jjjliu- 

Mjj L ^i aj j i i Lj ^L=w ^li ^ 1600 4-1 uj ^Jl^ij .dLIj j_l£j 

iUkJi ^ cLi^UI L; jjh 

dJj ^jl jij I I 0° 

jl ^-xij j+£- La4j 1^ c> Jl 

.<£j^JLo ijj^ł JiJ 4_ll_l jl Jr. A_LjjJLuj 

6Jj^^JI CjM^ « aJI J <^iLlll Sjj^aJI Jr. -U l ó^l l ^ ji^ 

i J 


jiMiVl iujL XXI jXrL^J 

A^J^I Łiil^^^jJI f MiVl ę\ j^aVl Jl ^MiVl 

.i^^JLJI ^MiVI J-x ^ «il iajLujj Jjl C-uLS ^lll 

cM° A_JLil^l <_CJj A^ L-^jjJ^ J_J| jJUj 

ĆO-^I J f Mx.VI JJLaxjjj A_4_fl^jJlj J-^aljJLll JJLcu j 











































.LgJUlil Ją.1 j* J»uij Uib ęO^j JLH»^I 4^! V 4iLb SOUnd oy*U 

otjl^lA^I ^1 oUj.uąJI Jilii Ala^l^j ^Jl jl^ <> CiLa^l J^i 

^al‘i j ł -v pLaJI £}L^^aj Jilj-> La£ óLaL^-i-1 ( * J l4 v - 0'^ > ^ J a ~‘ ‘->9 • < '40" % ^ 

._$« g-i<^>l jaj! o^^aJI jMi"t i l I a K j -^j-j ig* b > A 



a ji I 4iLbJI 

6 JJ ^ A "\x i*j A U uj l^J ^ J 

^_Lcj A ~ 3 1 Joj A v - ^ J-^> Jj-J°j 

. 4 \ A 1 VI 

^LuLo ^ amplitudę . Jlj 

\ 1 ^ Oj ) <^U ^ 

j\yi*\ jjt frequency jj^iJIj 
^Ul^j ,a_l^jJI 6 j-=^jJI oj-^Jt 
Sjjj >*-hertz 

jj* wavelength a_^JI Jj-^j 
^ Sj^J j 6 jjJ ' ( j *Ufc ^iJI aJjL^JI 

_ 4 V \^ . >*S 1 I 4 I l**J 1^^ tai 

u ^lj_i^ cs±^l pitch AJLikJlj 

,1 i o i ,,. j a !1 cj \ a4\1 1_^ a <5 \% "\ a!I oj )«^ l 
4 a vU ji A_Jl_c A \\itz olj U 1 olj-^ 64 ^ 

iLjIJl A^>j-o J^j ur^ aJJJI .a 

4 >at,ii ^- aII notę 


2 'alt^y A ol JjuJ\ j\s^y 4_śil^ <LaAjuuuj-o 0^1 ^ jisJLuxJ 

d 4 *4I ^ 1 1 djj LbJ I O I 

Cj j‘» l l ąjfu) a_aj j ) .* ^ Jl 3 -^^-*-* 4 _SliaJI 

^jjl aJLUI a ^ loudness s jL^JIj .intensity 

&jl_»J)JI t-a 5 jLcj .(j jVl Cjj <^11 L 4 J J 44 

^jjł-lLi oj-^JI 5^Ll^j .AJł^iu SjW^ 

4 ,a JllLj ^ jJI iaaxijJI ^-ic Oj^aJI A_^tai-alxjj .phOfl 
4 “f jui (JJLjj < I_ > b^jl Jq-ujjJI A-Cj-tu_J O j)<^"d l V J^5 

Oj-^JI .oljLi-ll ^ A_cUajl jtaAj < JjLJI 

pLJI ^ Lj/f 1497 ^ ^/f 5950 

^ U/^ 316 A4:j^ 4J .jkUl 




.A_jjSb4^Vl J ^.1 4_p^-=JI 





























a^uJI ol>Avi :infrasound A <. u J I -Jj *v~ * I 

* 

Cjl 6^i Jjjiu JJ j2 Cjlj cJju-ol 



^ n ^ u^-^i ^\ 3 j 3 j ^& ^Lłf J-O 


s-LuAaJI ^_»jLl1 

JlLuj ^ h^j^\ li^ji :sound mirrors idi^Ji li^ji 

^j3>\jL^ Cj^J33Lu\ S&J cJj^aVl L qTI,<H 

i^jUJI jjxJI ol^LU <L5 JjVI <_iJUJI 

A_jI_Loj CuL^j <A-iJ j)nd l L^jL^.^-o % dJjj SjLć^JU 

^■^(j ' LS“A A_i_i^ 11 L»l^1 ^ \ A t ... ^ > a 

A-u-iLjjJI oLu^LuJI ^ił ^a^LjJI '"'I j >>^ l Jjj^l) 

LjIjaJL^ (_£jd »L n . uLl 1 lAj l LiIjaII I_ś j_łJ j < i I I 

concrete a^ Ij< I I ,^J Ij .acoustic mirrors h* a ...u 

•listening ears iąi.L<dl JjVlj ,dishes 



1 dJi LhJ I o La I 3^sJ±axi I 

^ olAJLU! J-uoljdJI ^ 1 C Oj-u^dl J_lLoj 

f4^H ^ds oL»Ij_ijJI j ^UJI 

** ^ A^d^. J-iI^Ji Cj^^aJI A_ujI jjJ ^—\i I jjj j I 

Cj\ —sl— tu I_SI (5 jl Ldo << J \ U> IIJ A ^ a 1 i H V l ? J 1 

JJaLkJI J^li_LujV 6oL cI j~ a Ij 

c> cA*^ 1 J 1 ^ 1 ^ jL»j- :sonar jG^uJi 

1 1 JL^dl a_^MJI a_jJ_j_L^_»VI 6jL_i_x_Jl 

jL»j^JI < u s j .Sound Navigation and Ranging 

jL>j^JI sluJj .^LjJjVI c_sLżui£l j ^juuuu^jlA (S A ,^l l 

oL^^aII &j_a \ _ U <a A ^ U o a _> " * d ^ 
5j-łl_c cjL^^JI Sij2 ^3 .. Uj^^1 1 dJ j Sj j_dl ^Lui^VLj 
óLsdlj iiLu-oj A_j_aLo Jj,.L^ d-° fjL^Jl J| 

A_aLtxŁ-o L ' ' jl—I udj-o oLc^ljjJI ^ \ A. " ..3 J 

^Lcl^V|j ^Jl óL^Ij 



.^jlfJI WJI j\3^j j[+ą> J(ui 60 - j, ^u) d^Ą*, ^ ^ A-ol^. 



3^5^ ci)IVI ^ ,.\-\ "\u t \ :ultrasound • ^^ t3^ jj j■ ^u 

? <> 

olj^Vl .1^ JU: JJ ^ ol J oU j-o li* *..A \ 

(yi J-AJ.1 v^ 20 d-° jd r > C I oljJjlj 4-i a ^ .«JI 

JJ^lJI Cjl j Cjlj-t-2»Vl d— 0 A_1 J- 3 M . » J__jIj_^uJIJ J_j| J^i\ 

CJI '^ LX ~i ^-dol tu-\ I A _\x ^ ftid l OI ÓA. \ aII 

óJjj^JI A_i_)j^J| ^lj^iVl 6 j-A ^3 u.lLj 

.sonogram i^^l ^1^1 J\ 

ultrasound imaging LS _^ U JI j^i ^^Ul ^ ^ 
^Lik^U ultrasonography (^^Jl L^j 

d-o LLal tu~\ I <^L. Ac Ij A ^ Mi\l A-dLklj 6 j]3a I j ol > ^Lj 

.A^pJ^ oUl j Jl ^>^111 




















































wLuLaJI Cj ^ 

jA jĄjuó f-LJI ^ 4 -K.uaII 4 j^mKjaJI oL-ą-j^i C^J ój^JI JLilil 

cjIjj^ui £jb^j .underwater acoustics oaj 

. jjjJtiL*— la (1 )j jjj_& 10 ^ąj 4 ni aJI O ^ ^Ljj^uaU 4-jjl r<fc Vl 



■ •- I a I I Jj ^_j&* "i II j 

J5~‘.' A_] j ^ .. ■' 1 ^ .^1 ■ aI \ . aj ^ i -11 CjI ^)1_ujVI aJ LJi^L^ 

dUJd U ^Liij ó^i 

underwater navigation «.LJI ^ 


j^Lk^li oLśL^I o-Lj-U and tracking 

triangulating the £-s>a - u^"'.' j' oUa^^Jl 

oJ jj, .cl.jiaąSi-Jl ^ i-5-u position of the target 

W U... ląj J.-- j_Śljjdl ^Uaj 4 _ia£L1I 6 ÓA 

.underwater acoustics positioning system *UJl 


Ulj^ up j-i ^UśjJ Jj^Is ^ jxLa laJ^ 


^_łLa ^L auu 


y. LaJ 1 Jj ^ ^ d i \J , II qV 1 <^uVl 

JLlIlcJ J (J l—<-*-*A_A j^1s L_5^A_A 

zs _ ę, \_ą\ | . ** > ^ t 4 \ i 1 1 ^**J V i < > V 1—i £■ 1—oJ I 

V[ JL^V! I^_> ^Liiil 6 JjJ£. 

^JjLaII ^LajuaaJI ^ 1 J^*i u j La ^_a 1 ^ l < ^v al ^jl 

j A .uJlj .hydrophone 

VI ^L ai aj jI (J-J^uj_> ^>-^lj-Ć. V J 4 -LaII 

































i ii *u*Vi 

I jJ *Ldl j-jj-uJI Jldlj VI ^ \c s j d 1 1 dI a* 

cl>-° ^ jL rk J l ^ i _i 1 1 <LuljjJ 6 JlLu^ Sljl£ ^JaJL^u_> 
Cłldl^adl ji>>j ■ 3 jjVI c^JI 3dsdl MąJI 

i;Li-JI ^ oLojJaJI echo sounders 

^ ^ dJ L^3 ^j ^>x_JI 

• Jrj-^ 1 1 A-lil^j A^oLa a. i j <GL^Sj cLudl 



• * LaJI p 1 j 1 a_łu \j J a_j^j . \■ ^ 1 1 .**i l_j 1 ^, /-\ a! | ^ \A. *t ...“i 


,-.l AJ ... -V II ą[ <j ia 

u-* ŚJLc neutrino jA^^ąUI ^ i--._. 

& 

VI jlj-dl JcldlJI aJJLi <-ij,^Lk ._i% l q ! ».<*;... VI 

A_j| * JJ j_J^_4_łJ I <—UJ lj jj CiL.U J~N ąII v ^ ~ ..." dJ jJ 
Ij^. A_d L*J I Ad Lid I Cii j ^_A_lJ I ^_c l a r, K 1 1 a > 

. A-ij^L^d I ^_> I^JaJ l_> j^v >1 1 ę. La 



.^LJ' ^ Jd^ jLjjjai 5 Ja.j 


jL^udl 

‘ji J U-ii edjLiaj L$ <-u ^ sonar jl \ j...n Ł a u u j 

^5-^ J -^ ) 1 i JJ-£ J-* wJ u kkJLu i L$ -iJ I A-dj)**^ 11 Ci l t^r\ \ \ 11 

£ ę. 

Aj^Ax d l ^Luj^ VIJ Ad l a£. Ij j-^dl Ci Lo j_Ljla d^ * 

passive ^_d_*dl jld^_dl ^__a a_1_j a a < ^ u * ^ j ~j .A_ds 
^L a^i ajVLa d^j <LjauJl» AddsjJLj ^jdj (_^jJI sonar 

j ^) i I 6 _^-d I ^ Ltu^. VI d-° a ^ * ) \ o 11 o Ij) ■ VI 

idlJJjJI iłjjlaJLi ^Lu^1ujVI 

seismic exploration LJI^dll idA^L . m r..<-... vi ^ 

^I CiI j d)ljuu^> VI ^I j. LIujLj jI -V * 11 d 1 | ^d 1 r,X~.,, | > 

jjdlil A_j^Jj VI ^ J r> % \ J .(jdj-A 100 d-° cUO ^ \ ^11 
ii JJ^-ii CjI—^ ,jV <A_jljl L , i. . x j_a < <a \ i dl 
A_i_ij^dI j j L^ dl d-°J ) 11 jAŚ j_ąX. Jdllj d A ^ 1 . C" 

<air guns ^dl^JI jJ»lxdl :L^i .^^ i ^ ^iJI ^^Vl 
.explosives ol^d.dlj ,vibroseis ^IjJjJI Jl3uVlj 

Lxd 1^ ^udJaJ I 

ji-^Vlj j^łjJI A. a \ t i ^ jJI Ci J_^dl J^ur> j LcAjI dddu 
L5 _> j i j^I I ^kdi L-^d_A_f i^>ll CiLiu^dl I J_A_1 _ujL_ i 

djdu^ld c5^i acoustic rain gauge 

CiVLjL=J d^ ^ ard\l l d^» .Jeffery A. Nystuen 

O^i J ^ 1 0 ^da> \ r>| | JjdlJ CiI^- lA5 I ^ JjkCud^ _d^>-dI di^C^h. 
CiL Uj^k aI I 6 jl J_2w Ci La. jJ Ad^xd Laj Ju-A AjI^aJI CjLaj J 

•H^ 1 0^ 






































2 i.,.i ... Vi j i<,r, Vi .jaid ^_pLij4£ (jz gdij electricity 

l XI ... I I ^1 II :LaA dWiuJI 4 * \ ) la U* ^5ł3 .iSllaJJ 

d3 ^ .current electricity iLjLaJi static electricity (i^OuJi 3 \) 

4J1aVi Jd^l (> ZjAlb ^LoJI eU^JU L^U ^U^JI oLi^dJl 

.iUjl-ąJI «jj< U ' l jS .jlś dj"kxi iLdb^JI CjI < >i U CdLS I j[ ^ 



,>Li_ > 4£JI j>dl oLjjUoj 


^Udl 

L>.iit La£) friction dl£uVL» 

Chemical ^\ j ^‘Ń Jj-L> jl dLo^iLdl dj-id 

II S i S j U . j| ,(cjI—jjLL_iJI A_jj ~i-^fll l (=-L_ij o *Ń " -d) 

olJjdl jl old^dlj j^Ludl ^ da^i L£) induction 


4W.ŁJ1 

^a-d ^ charge id^idl 

"<4^.j_o” d>>J_hd LdL^dJI idaJJI ^wUj 

"2_JLd' i^L^I a '.^ ŁJI ^d .j ,positive (+) 

,negative (-) 

JULLiI 

4 -1\ V U I I JVI 6jl—<-ud^ j! ^ 1 £. Ójj-5JI dd-^d 

IIjj-c <sj^ SjULi .SjUJ <LiJLjj_4^JI 
Ol—» jjV\J[ uj jL=JI LfJjJlJ ^ ol— 

1 | i j ma 1VI oId Sjd—II \—al ‘(Sj ' 

SjL^iJI J y-J^^.ll Id-A dd-2^jj d^w ^ 4_^jLśJI 

.jLilJI 3_a jli oLj 


.Ij j * II ( 3 f-} ^ ^ •** U ^ 7^ 1 * pl_Ai*JI dl* j 












































j>iLa 

»L j V1 \—oI A \ \ v > j^k > <Lł^jI_3l1aJI l~s \ \^ r,.\ I cjIj *ULVI 

^JLxJI jij .LAxj 1 $ < A* \ ,i>M< a^_AżLaIaII oI olj 

Charles Augustin de ^Ll^J 

<ltUI J ^ dJI Id* Sji yu*L ^>1111 j^iJI J Coulomb 
c k^ - j ^ -Coulomb s law *1 ^ i_j^ 1 ,^n j 

^ óe-? csJJI 6? ^ f u^ 1 - 5 

^ '*—■* ^ ^ **^ u l 1 1 6 J-A Cł-> Ld£j ( 1 -a ^ t Q ^ -'y ^_ą | | 1 \ r,. 1 1 

<L_fll_cuLAll ^ I C (j-M \ ui II £> j_LJ| dlj-^J .^1 SjJLlI 6 j_A 

• I dh i i.) ^ * i s> a_s LuxaJ I o j 1^ 1 a a ( 1 a ^»t > 





Jj-J f-lzj 

Jjl ,>* Leyden jar *Lcj 
fib_la_JI (j 1^— 1 - ik V A__$jj__xdl J—Jil_ uj^_J I 

"I ~~l 4 5 A \ iaj ę> l_c. I I ^ A a. a / _ A_ij 1 * ^ ^ ^ 1 1 

condenser " ■ «kj i" ^i ^ 

J j-* ^L VI dL ^ jjLuJI jl ile VI ^V 

(jL5 <*A>lj cdL£ d-tj ^ 1 1 

pL_c.j_JI .L^ < a \ *\ *\ ~ ^LfL-oVI— j 

<* <* 
ljIU^j <£-L^JI /^-o Lc ^ ^ 

-Laj -jr jLdlj J^kl jJI j_j j_^UI 

(jj-i 1 ^Lc. ^ j ^ ^ ^_1 ^JlSLj O- 


,\^k \ 




JloL 


UI 


capacitors 


jjjJ 


2 d j > i S^iJ I \ % 4 ^ i > m ^ 1 1 4. \ A c i, a a 

, 5 



++ 



4 d JX.AJ S I j_łj^_s &\ iLt 1 1 dac. 1 ,/sa 




iiSUJI ^U^4£JI 

^ static electricity 4Xu h,„ii J | ii^LJI :j(3 <h 

jlj-JI ęA=LLu Jj-^. aJL^ ^ e.L^j-^<ll 

6^ L^lljl JŹajj ' l ćI-^aI I 

l ^ A J-^J L-a ^ \ ^J| --«^n . dlij 

U cAJ j .^i^Vl ^ ^ > d ^ 6 ^)I^)-uj 

^I^JI .^Vl jęJa^uj '> J o 0~ ^ v ^ 




^a^Jl Lol .AJl^JJI ^ \ I m oLJ w> lUVl J_J_LLłuJ ^ jJI 
• *s oL \ y\ LII 


6j_A 0 -Ci^ m> ^Lu ^1 dj J a-° Jl jikj d>l LLL^£ LaLl^I 

óp ShW^I c> Ij^U^ La^ Lju^j Ijl .induction ć^JI jl : 2 ,l,i i 

. ^^Jl dJj Jl ^Vl ^LUJI ^ ^L^l Jl uA>n.„ jjUuJI ^u^JI oUj^JJ 


^1 A \ m 11 ^5 I u l > 1 L> i 




VI 


j_>L^JI ^ <A j J< <> A. \^k t u Ij ^tujl ^ya , _u l ^.11 I j_A x ^1 dlj ^j£. 

. A A J IJ l" 1 ' ' | L^_J . \"V t 


1 UU^y a!1 

m 


(^j l *> _i ' J-X-o Li^ 

.<UjLc y_j^al_Lo ^ 


P LU^aI I 


3 U U -k A 1 I 


4LLń 






B 


Aj j 11 < 111 A ' ^. 11 . \j^ 

1>® J1_LL»VI 
jt±uajj <B ój£L1I A 


A ^j£. B da >*t 

■ ' ■ >-N \ A i I ę. l \ Ay ~ . 1 t 
. A txf\ 1 * ~ ^ , ~« 1 ł-y ". /j ' 


L ^' ojjijJi a..i^ 1*1 u 

. s j < \ ^ I * ^ 1 r ^ 1 U " 1 1 i 

















































































tjA LJj-u ^Lll (ja 6l6CtrOSt3tiCS a ^'I 

jj «■. lz . £-4 ^Uj U ^ ^ii^j (jĄ^^ .Ij^ ^.jh; Ciii 3 ' AISLuj ol 



$• 

j La^..Axj jl am.ąJI <jua LJ£j ,<Uaiaxu j^ULi I^ąj Ci i W J j ui^ 

jlji <oLÓ^-uJJ JjLp <uli I } qA jl 

Aa^UU JłVl jj^h.ull jaV Jp>- C*1 WĆ JI ojjfc JjLfi 

^ Ja"»'»"' ^Lll pi I "tia.ll jV dJj ĆiJ ^ J J -(j^l-ij ^ ' 1 1 ^J-l-1 A-lJLfc 

f- 

4_b^la SjlŁJ JLuJł '*" śLajULaJI ^JbUl ^JaxuJl ^lfc jl 

.LftjLif ^ j> i^*>"ł 


A t\ Jl ^j! Loa LajL^-J A 1 1 jxlu jc^Ili 

. 1 * i 3 . An ^ * 1 (Jl> I jAHlj I 



o Lij^-ujjj^^J I oVLojLLuI 

1 0 a3L~ JLlI OljLŻuJI ^ji-ll j^l cj-^ o3_ijj^ujj4^JI 

.a_uo j_JI 1_1 a1_jcx J ufli-jjjj L$_> jj.x r iL.3l 

;\_Aj * ' U o (_^śj>-j ^yij 1 aj ij 

Lij^ąUI oL*-.LkJlj photocopiers Lś^LJI oVVI • 

laser .printers 

S_ii.u SjLcV defibrillator ^LL^jJI J^j-* f - ' ^'»■ ■“ .» • 

I j ^ a c l^ ,,. I. ć, .11 f ^ ^ 1^. Q ' 6 *> » i—) I ^ I I 

j ±>.paddles 

dust precipitator 5 —,^_jsVi j—® ^ ~> <^» • 

jlII (jLi-jJI oLu-e. 3 -* o ** 1 ' ^"' U j ^ H 

.JjjjjJI 31 ji=J JJLJ 


^^“^UUOJ electric 

L5^ 4jj^o 



^ j o~ j ,A_ij jiujjj^£JI ^£j-Lll ^ 1J^A uj Lj olj3 ^ ® 

j^ r : Lh^[ spray guns ju jJI ćLj^ 

^ Ir \r 1 ... t [_joa 3 .li > 1 ^ l t t > \_A jJI Cj Ljl-Jj^ 

^_i_LuJI 6jl J mil A. m-\ \ (j I ^ -3j <3 —AJJaj 

a \ ^ r..ll 

furnace filters jlj__sVl oL^j-* ^ ^ ^ • 

aIjjJI ^ jl > 3t-li oLu-uii. ^-33j^ a_^_> j <[ ^ jj ^ *0 1 

A v\jAj,,, jj^^ll ^j A 31 1 ^ ^ 1 \A." .J.A \ 













































Lą.jj jjs electrostatic potential j^Jl 

J^ Ó^- ^-$-1 (3-° ^) J * * > 1 1 ^ j a 1 ... 4 t j \^" 

1—*^JI a * j ^ 1 ^ L> ^ ^^I I 

”e"=-V0 

A_x-a^ :AJLj A_kiL - ^ - ^l l IjJ 

^~t ^4- 1 ^dl c.J- -0 Ł I t,—>^ l l r > ą J 1^ 'A * *v uJ 1 /S . W \ (^J-AJlJI 


Ji 


Of-? J 1 

o 0 ^ j* ^ >.M' of ^ ^JL^a ^jj 

.electrostatic discharge ^j^j^lJl j^jiiJL 

O ^ * N ^—>1—i_«jI J_^J A A—\ *sl t*JI *1 %j fl K. I I ^| , t ^ 

A_c!_^ ^ SjLc SjI+jaJI 6JJ* J < II 

A "1 S ^aJI oljl-- A \ I I l .a <^i ^—l 1—Alj)— uj^ CjL_i_j 1 VI 

cJj—X a 1I ^is Ijj— t-a ^_j_i—uij (jl t j__^cu —llj A —ij—I U ^11 

Cł (j-ajj^-lJJ c >£-aj dild^J .A— i ’>J J~< I VI 

^ ^^-dl ^—aJLUJI ć>j^ ^ c^uauIj 



^UJI Gauss 1 law ^jU 

A-i-> Ljj ^ 1 1 ^ 2 j i \ ^ 1. 1 11 i ' ^JjlILoJ I 

ij^-4 .a_xjLj^^JI cjVI Tk^ll ^Ja 
J J^J L5-^ apL-^l l^-A 

6J^—ln A A £ V c 

^ii^JI jdbuJI 

a_uLj^_^JI ęj\ \rJI 

-1 c -Ł^^oll 

Jajuu .rcJUtul! 

Lu-^Ljj dii j 


L^hJ J 





























jUUI 


,Li^ ^ liA ji VI $A electric current ^u^lh jUUi 

|jj .dLuLa^l ^1 4 j i Im II 4 t->,uJI j* Łajb CjU>ij2£-lVl 1 J* 1 > »* 

o_^.,^aJI oh^ll ^1 uJLuJI o hŁ JI (j* O' Ji^ 1 ' 



' W *^ MW i J>AJ , eŁ i 

M kisili ,, -f J * J, o.l i i 

Oc 

t> ° <u ^<^< L) - - U <L 



Jijj: ^ current electricity i^jUJI 

^ 1 > jd ^ > S H^ ^ je. j a . ^ jJI jUlJI A. j < a$ k^j-uiLiJuj .ó^rJI 

2 al U ojlj (jjj .dLLuJI ^ 6 Jj_^.^a]I A—fll U . 1 1 < i aS . £-—O 
.cdlujJI jLlIJI 3 ił jj tu * jl S^ j ^ 









Im 




Ml n 

kL 


a /s A ^ ^ ^ ^ 


96 




































^l£UI 

< 3 - 1 * j-a Sj j valence 

JJ-Jj .jiSI jl 6 j L x j\ jl 

5j L% jl ^_u*i SjlŁlI 
•AjjJJ A-a-jLjj4^JI 4-* J ) U II L_AjjJ__ ł 
J ,^-lc. j_fl lilii AojlJLjj 

olj Sji-ll—£ . SjJ_U A__x_^.^LllI ńjJlUI 
J oL»j^iilVI (jj* L iimj ^.ill jjjJI 

^ ^ jUJl L$- >J_UJ_S 

Cy° l)-^ £jjU jli Ijl Lol l\ % . w 

W^JLa oL>j^iiJVI 

.oLj^^HiJ VI 6 J-A j-u^ULui 








5 e 6e 7 e 8e 

J i^jUJI oUjj 3SJVI J* ^Ul ZJ^}\ ^ ^iLSUi 5_pj 



rłrnN/ofta^-^ ~V Uli 

A \essandro vo J u ^ ^ 

fT u ,x» oVi‘-^ r: 




i 1 a 


jixaVl 

IjlaŚ. j-a ampere ^^S/l 
^Lll ^U^+SJI jLlSJI 
<^hLj J J3L> Jt JijIS 

< aJ-^.j j-Aj .a' -w 1j 

.^L^ijLui 


J^b 

S^i ^ coulomb ^JjUl 
.6.25x10 18 6j^ 

iiLkJI A_j-ł£ j_Aj ,A_4Uall ^Lj-L* jOUle J^JIj 
'- 9 -> Ł iJ .*.A=Jj Aj-iUJ .AaJj J=lj Zjj J^aj < < \I^~ I ,,. < JI 

.watt/second ŁpLS/.kljL} LkJ dJj 



.duJo. 4 jj 1 ^ * 4 <Ł \ r jJ^-o 


ijjLąJI *b^£JI jjLuauł 


generators *U>JL£ >L^ t < 11 ja L^ 

-fuel cells S_jjjjjJl LjiUJIj cells L_i!iUJIj 


LiUJI J{ Aąl^lSj-dl iJśUaJI oUj^JI 

a^L^UI LĄ~J\ uilLuj ,*L^ Jl iilkJI 

d ; I- 4;; A li^i~i M l LiMjiJI ^ i_c. j /»■>. * jl 2 1 .U ^ 


^U^SJI jLłUI jJ^jj ^jj^I (jjli oi,i-> ; 



Liu.jULii a V l ^ a 


CjMjcUłIII 4_i jJ_ ajJI LMiJI ^jULcUj 
Jl ^-5L!aJI J j L^>o dJllAj o Li J ^ill 




















































oljW ^ 


^ .^au** J Ui ^ ^ ?u* *A electric Circuit ^i^ji 

j : "g , ; U . S^ljJI ^UuSI *UV*\g .^ojL^SJI iSLlaJI ^tj Vu uV 4 _Llcu^ .ja 1 uxa J^i-} 1 $-'' fc 

SjUL} :^V| ^Jjlajl : 6^> J, iS^ CT^ Ó^HJ 

J a^J I iLuUjfl< I* iiiLbJI Vtun ^jjJI ‘LLuujJI 


4-T)I^aJI - o 

series-parallel sljlj-^lj ^ oljUl c> j±^A\ 

SjIjJI £jji 6^ ^-° circuits 

Sjl J j^fLu jl . Ai^łAj OA^JI A_j a I.*VL o JL^i SJt <4jl>^l 
< jl jjA-łjl^-o j>A£.jA ^j\[ 1^ (jl LfloLLi 

■ Jl^JI 6 j-A ^ t>> 

,A_jjl^JI oljljii 1_4 -uAj ^jLyJL» A^jlj-^J t -0 


^1^111 SjIj - I 

J?) ę^J-^ 1 ol J ,J C - * ^ 

series circuits (J .J« *iJI 


jLao ^a jLpJJ 

J J J .j—A—l-_ou-0 J-^lj 


V 


© 


4-JjI^aJI CitjWI 


jLiJ parallel circuits (ic_>ii<Jl) oljLiJl 


I^.A=J jlt J£\ jl J^a. tlkiJ .jLu^ Jj^l J-łC- (_>' 

_ _ LUJJI 

R " ‘ " 

L 


J_ŚljJlJlj J a sJI 
JM_^. f—$—^—r— 

V ój -> . -> () ' L-;L-^_ 


=PC 


,±A ^ 1^*1 I ^ l—o 1 


T 


Jljj Sjlj 


C 

Hh 


<v? 


.J_^lj A_l_ 

jJ aJ>1_> A_jjl j-aJI 6jl J-ll jl—I ajj 
^ \ -^ 1 \ \ c- jLoll ^1 U $ > 1 ó> 


1 jIa <5j! jJl j-^-c a_j j-oj 
i>j l 


6J-A ^1_uxaI ^ U A jl 1—a 


Tl j>c *-AAj)J jLilJl (jLi LfloU^ 

<i lU 6^jl jjl 


^ SjljJl 

^lyLJI oljlj ^ J^ J ;^~'^j j •'-4-l£ 6 jIjJI ^ 

Llj J J,L£ I jj-* '-*j ^ji LJJjUl Cy> '- A ^ s 


Au^ 


i JS ^1 J-aj u-1^ (j^J^J-* 0^4-^ 


.6 jljJl ^ 6 


3 ■ 


^j'j^ j’ j 













































o + 



j>iLa 

a+b+c+d+e+f=o 

d tU I II 

aJLLJI ^ jjjJl ^ voltage i^kl^iJi 

Cli I 'w mil LS -j-ll SjjJLlI L^_>l_j l cAi l j <~ U a '■ 


L^ujjL Lj ^La 

jx.l_a dadj_i &d*dl Ljljdl Jl^iJI oljl j 1 ^5 Loj 

Lj^Llj .Kirschhoffs laws dL-a-d 


3^ddl jLilll 4_id£ jLd l5 _Lł ^Lj j£.LaJI ^LjLa 

^ Sjl Jl ^Ldl d* ^d JS ^ 

ji jIj JLdl 4_LJL> ^i Lr. <Gl JjVI djiu * 
i-la-ij Jl a_L ^ IjJ1 jLj_iJI ^Ls jxi"\ , tt A jLj_j La j vr 
.JLa-jVI 4_La_> d-° jLJI jLlII <_ids ^jLuj JLdVI 
JLdl daL ^1 Lr. <Gl ^^ir: ^LUI Jj^LUI ^LLjj 
A-La^JI ^L ?dddl dl^ Jl ^jjLc JiiLo jL j-iIIjj 
<_jiLaJI dL^adl ^jL Lfd^L ^lll LLI jall La l L I 

■ ^ l l —ł i lj l—A ^ *\ \ ^ * 11 4 _o^j 1 a a! | 4 a < a 1 

‘ójlJI ^ir. Ja-Ls ^daL V d^L^1 ^JLLLj 

.L^-oLd ^yA {g\ l-Ljl <Jj 


.dLujJI ^_lc <LL^£1! 


4jjLj^jUI 4 i *t*s l1 1 


LllJI ^ electrical voltage SlL^UI LkJ^ill 


6jl—H t_. i l « Ai i dl J —l i .dl tdl -U> 1 Q ( ^ul—2k.l ' * f 

(J^dljl JaLdl I j_A .Li lu« L ^jLud I Cj L^^Hd VI 

-d-?l- > A_LdiJI cJj dJLdI j-Ul \ ^ j ^ \ ciLj^i^JVI 


aU I ^ a 


•L^L^dJI Addjdl ^uld S J j-A Jdjdlj 



Id^dl 

VOlt IdjdJI dj_3__1 

dj--II <4 __1 

Lh ^ ^ I I 

^jLLuj ^ Q 4 

A_5l_laJI d-° d ^ 
d-° JdJ 

^Jl a_U^ i d-® A-LJd l 


jidd^aJl 

voltmeter y^ui ^aii 


^., \ A. \ .., \ 4 1 \ '“ ^ J) A 

J^dl djjiJI ^uLa 1 

-lal—L> d_1 "-k ^ 

.AdL^DI AjljJI 



1 


























































JSI>UI 


j.. i ^vt Li ^oiiL} jLh-U £au*j ji^a ^a conductors Jal^UI 

jjbuJI jjj^L} ęr lL ‘^ JI ^ S ‘^ JI ‘ JŚ, > LJ, ^ ^ 

jłsi ^ ^ ( jjjLxUI & 1 3 *Ai«j jL^J '**#*' ^ UJI ^ 

.Uzk\\ 3 oJbjJU iijlAA <0*3 Jj eU*£l1 2J^ o-u^ LAlaiLLcut Jal^UI 



Jśl^iJt t \^\ 

.‘M...I I ol3 ;-N ^^j-aJI :4 _łjL_> 4^JI iil3LuVl La^ jjLc^j .Jil^j-U 
Zj y*.~M j! o^L^JIj .solid conductors 

Jo, La£ dLJI olj oM~=>><JI .stranded conductors 

i lj J l uo ^aJI Lol -(3^*-° j idLo 3 j-» j-Luoj ‘I o ° 
Jj^o L$Jlo J£ (j^Ąj jl) ęlual* 

.yJ)l\ 

iiLłLŁlI 4 j h<r>^a-ll 

LojLLo ^1 ^U£ superconductivity UjUJI ŁJLa^JI t;r ^ 

J * i a \ \r VI 1 (j * jLLoj V A^c^sIaJI 6 j-A 

^1 IAj j.^. . jij .a A<a^ \aII Sjlj-aJI oL^»jJ jl^dl <3-° 

^1 J_» <c djLi_uJIj ^jLs-JI l5 -Lc I cj , * \J a_ULLII a j I ,^ ^JI 

.AjŁjUj A * I <^> j-o i . Aj I J_p <La_S^)AJI jl^-cdl j-aXJ 


.Jalj-UI SjJj^^aJI a>_uxi 1 ^U l d^UuVl 




























i-ajULdl 

^ JiljjJI ^ resistance 

*jL>^ t_yJ[ AJLśUa L^J^J ^L^fLII jIaIII jij3 jU-o 

jJa-L^ll L ^K ) (JiLlil j-*-ll J-Ja-LoJI ^_IiL A-ojLUI j^^ajlU 

L^J_£) J_5LJI 5jlj-^ (a_-ojL_ŁJI ojIJ I j\i LS _^j_*JI 

.(<Lojl_Ldl Ojlj Ajjl^ A_a.j J Ojlj 


.*b^£JI Ji: ^ dMcul 


dMcul 

tUR* ^ aluminum wires ^j>a1o^JVI dMJ r w-.,.~ 
cl>-° A-aJL*JI ^L^SJI 5j-clcI g.1 ^<11 

diL^I J_aj> L5 _l_c jxLd aJ^a£ 

‘^—‘JJ-° -Lh h* > m ' dM-uul ^^-Lc. ^ j _v \ 1VI 

■ ^ Ij 


ŁuL^UI Lojli^Jl <iL ohm fJ VI c_s>4 

> ‘jW-^ 0 -^ 6jIjJI ^ J-AJ <4ajLj^_$ 6j|J 

.(Q) li-A-ojI a_s^JIa ^jVI JjLojj .jja.1 j Uji 




fi 1 j>iU 

Ohm's ^jl oj^U jlijj 
a_jM-*-JLą law 

A__j_Ja_J j_2_II 


^ I I ^ <LojL_Łdl j 

ii- Georg Ohm ^jl 
^j_)LUI jj .1827 

A_JaJj_Lll SjLjJ ^1 I f 

‘jUh-^ ^^Jl 

1—a—j_i i 

jLiaJI A-ojLLoJI 

:A_5MjłJG A'f j v -i, \j 


JŚIjJdl oLuul 

ó^> a_L^j^a jIj-o ^ semiconductors JJljJJI *i * rJ 

^jl O -0 Aa-a^J VI Vj • (Jj l^-*-J Ij ( J_51 ^aJI 

e5"*^-04^-^ jjjjJI ^k ^.aaJI ^j^aj Lo£ <J3Ijlll 61 aLI jac jaj 

>v< ^ ^ A Ijj-J Jilj-Lll ^IąŻuI ^a»Jj dJjJ Aa^aaaj l ^ v ó 
aIaLI ^ j^alJI c^jl j 2j .oLhj^>iUVI 

r * * ^ 

C^j Jil—jJI Jj^a. 

‘ÓJ- ^jb " 11 1 :(J-al^AJI aLAI ^ SJA^I 

.JaljjJI <>Luui j^i j^<j ij... u 


0 






























Lj-iV ^ .zjjĄjuu u ji* ^Li^ji jUiii V ji^ insulators Jji^Jt 

dJjbUl jI^aJI jAj jLh-*1 6* 

f.\j ^Jjj lal 






JjI^jlJI ^Ij \ u ul 

j[ ^L>J^U ó jjU^J I jLjVI ^j- 0 LUjLSjJ 
.Ul*A J I OJ^J <j\ iJLc A-aU^J JaAJ ^Lj^ 4 £ jLilJ 

^Jl ^ jUlJI jJł^u I jjj ja^ J5L» 

^ u* c> ^ <.LA£.I ^ UL a^U 

. Jjl jaJI ^1 j^JLujLj ę- L ij $i J/- 0 ' 


4 jjbUI 4 jhxUI 


d 5 Lu 5 U insulation coverings aJjLaII <^LłSh 
Jjl^ i_r^J j\ ó^^UI ^ 

*^*£11 JjVl J^I^JI ^ .ŁL> <>j j3j ŁJUill 

JJL_J ^1 VMjA^ VjLc JotLJI -Jj^A^ £*“^ ^VŁ iJ 



































^ Jjlj^ suspension insulators JąLoJI Jji^c 

tj-a SjLt Jjl*j j 

iJL«JI oljLiIil jiUlJI j .(<j)L* l jj-Jl) 

•C5j^l /L<u V J , 2 I U i J a \ I 


/Jjlllj porcelain jlj_JI l i. 1 2 \ ^ Jjlj_*JI ^ i 

ę- 

J-^il /* JjIjjJI j .rubbber LLkJlj plastics 

6^ ^ u A x N <^-1=i-aL_) L $ \ *s 1 j < Jjl j_xJI 

■W.'^:'- ; . A_1 \ > I jJJ I * i t ^ } V t I <a l_^J l^JLlcu I 


j j ^ JjLt o^> ^ II 


ófW-H h-II jl polypropylene 

JjIjjJI c*«ąJ ^j <polyethylene 

IjJ <4 <J_fll l^Jx£Jj A ^ a\ 2 1 aj 4.11 
f ^ ^ m j JoLUaII j_jl_j ^Jj .Lolj^JLcul /XI 
JljLo ^ I I JjL*X 

<j£^ ^ 2 M . J /p-jLj j-f.X II i 

diLul ^jLoju* 

.JU 



; m Sr ~ -1 


- toHSp*- 

r § 



’ IIP* 





111®*- i vvł 





M 5|j| v®»| >H ' 

■1 \t 


^ ^ l &a|H 


A$'ll 

&&K '“’■ Al 




i \ : .|H 























































ojOUI jLh-IIj jL±Ut 


.^\ 3 dLąii ^ jLh direct current (DC) j*i u^Ji jUUi 

Lui$ iitą. j^xj alternating current (AC) jUUi ó* ^ 

j a "t < * j a J i jLLJI ^JjUbijJI (j*A j a~i ULA ^L}j 4 £ jUj c 5 - 1 & djU. .JaLUI 

^ .Ł^lidl^ jLlUIj :SjUI ^ jUUI ol>~> i>J 

.JJLlaJI ^ V <ul VI <d^_^Vl jaxj Jaxxu_J ^a!uxaJI jLłJ-ll 



.SjJjJI AjJLł d^Lul ^_Lt Jili ojl-ilA jUj 


j a i i li aJI jUUI jjLuauk 


J i jLjJlU W batteries oLjjLMI 

r l .j^ll ^)-o j ^I A-jjl U vll A \i (_£ jJI ^ ^ 

. Aaj I 


.oLłjLb-JI ax^Ha JLL^I 



4 cl Ul i ol—> jLL_jJI 
■ \ .^1 ^Lh^J! 

A_ijLL_JI 
oLJłLŁJ o SjI— c 



o^LlLJI jUUI 

jLi3 jj* alternating current VJ LnJI jUiJI 
a ! ^" 1 ^JS Vjl jLilJI J-OJ .A-aJóJLuc A_aL^>I (j--° 

^[ j 4 l» L 5^1 

1 \ ą ^< 1 I^jLj dU ^ j-śjlil ^JJ j 

* * 

^a I-UąJ ,^L^aJI ^1 jLflJ '-‘-“jl 

J* surges ^lla .^IjuJI aUiVI 

jLaIJI Lalki; ^1 oljj Jl jat u*-±ij 

.jUlJI jjjI; aj^.l^JI a_łjLUI 






























J L 


Jl jllj \ 2 Nil 


JjLUI ^ ojOidl 

JjVi f LjVl ^ 


^—II aLS *L_> 


o uV — 1 ‘- M u L 




pULlJI <JjLUI ^ 


A_J»I IjJ-^j fjju 


-4-4 b 


(J-il »_>j 1 —iJlJI jLłJlU 

OljL±iJI 

0—° j^l 


cd^l^_iLujl 
1 __iILoJI jLjJLII ^Jl 

.dJ^J 



ó* (^j-ll oj LUJ I jUUI iLj^JI JjLujJI 


: 4 ^ -«uuTJ** ce " <w; ^ 

3 <uU» . 


: o/J 


=^ił. 7 1 ** 

i - s ^ L <nSli 





J .' . „.,60 ^ 


,<- o 60 ^ 

„. -vii\ 

^ - ,al20^ ' 



o jLiIaJI jLJLII jJI ^ 

L_jl^-aj j_-qJLuxJI jL_j_iJI ^ jjl . jLjlJI jLjlJI jl_JLaj 


Sj, \ 3 1 1 


■?\>-J f- 




.JjLlJI ^ j f l ł <1 1 ol iiu \ a 11 4 t \ \ ^ K I I 

^ * ij r^ I ^-A ■ t L 1*1 J1 J l.Tl11 <J2 j ^ 1.0 ^ Ą 1^ 

4_Ł^«J Ij-J L_i jJJa-a La j 3 ^ I [ J 1 ^ ~ I 1 JI 4 t U I j a 11 

.transformer Jj^JI kt„. : ^,-. J u J ^ 3 < j i 

4^-1 J-Ll (J->Lujj 6J£. Lu /i II lj_A ^_Ll J-ojLjj 
• ojl Vixil l jLjJI j-a jLjJI La.\ a V<ń, 


4_J_1 Ja^ 4 i Ui I 4 ♦ I 


























i <j -va d ^ic. u -v a u d±& ^ j s"<m"ij cjLIs^a pLi^^ji generation jkk 

^ .< >m< t aI i iaiiaJi jj-v"»i generator jJ^Ji ^-jUia «_n £ąjU 

*Ldl j^.AiU 4 -JLc. jl j&\ ^ ^ < \ i laJI jLxJ'i j ^- 11 &>^3 ^h 1 - 1 A >^ - 11 i' 

^i «j ^< u cjLaIjUI jisi *j3<*-i j' ^ i " ‘j' ^3^3 



ę. „.a V 4 t k 1 J) ć 11 i ^ k > I £— 

dl^Lu<Vl .qLa 1 6 J-C. ^Jł 

1 ~i ,** a \\ J[ ^ j -£- ójjl—^a-11 

^1_aV| , 4 I -.V.J OjLkJlj JjL-Ul) 

.. s l'o "ii.iaII CjL^L^. AjiaJjiJJ -l^~tJ-;j 

Jaą3^ transformer drum ŁilJ^-J J£ 

.U240 Jl ^ 

laljJI ^_Lc J.Ą.X ■ > jlj-S_ł 6 jLc J^-^l J[ 


.grids ^ £jj 3 j 

^J| 1 ^ J i Q ę, L_»^_^_^-U L_i_LjL_ll A J lr> lj) 11 J ^ ^ * 6jl—C. 

J£» ó-° Jj- 2 ^! .^Lj^SJ! j^-c ^ ixi.All 

.power stations Ł^L^^I ijjl Jl oLL^ J l^I 
JjUij substations 1 +jl jJJI oLk^JI J 

ollo jl olj.iliC c j-o ^L^f^-ll A_doJjj AjjLllI CjV j^ .a]I 

6 j-A (^AiłisJi .JkJj-fl 1 0.000 <j-o J-5l CjLUJ JJI <j-a VI 

.^jjkl A_l£. jjfi q ! in^k^ clii j ^j-o ^ J^ I 


.JjUuJlj C>1 Ul iaJ< 3 ^ujL-aAJI 


.^LJI 






























J-jJjdl J-A-C e. i ^ \ I A~ 


J^IaJI ^ *Lj^£JI 

*^-04^ a-lAC.1 <j-o A-c.j- n-^/> j±£. JjUlaJI Jl eLi^SJI Jii ^Lt 

c> ->■=>■ b j^=4 JJh-» J^-> aj^Vl *1 a .electricity poles 
jJ L.Lj^.1 j .ground wire LS ^>J dL-j >s ii 

ls-^ J3 1 * 11 ‘~ l '* J ~* ‘ ; Ja J OtlJ 3 

1 ' S.AaaVI Ja A-ł^j-0 CjV>^_o <jl .£_jJjlJI 

240 Sjj-ś J. *ś r ^ ~i ó_i ^ <JaJj_s 240 Jl *1 >j g K I I Sjjj 
.(Jjl \a\\ A-jjl i"\c VI <-jJ>L^_UI oLoj^JI 


<l±l ^aJI JAJlJI a U* ^ * 

łA Sj ^ oLiU Jl L 4 iiJ <JL* aJJJ jl JJI JJJ Jj-l; Ja transmission substation l^c. JJI jsdl a j „.t 

phases JJ=l aa}U Ja a_ia JJl A-dL^^I s JlA i]l olk^. Jl a^L^JI Sj.aUI .transmission grid JUI 2 <_,r.. 

. OI I 


^yX H jL-U^Jl 

.distribution bus ^^11 jU^ll J[ J^JI ^ Sj jUI 

o- 0 SjjUl l5 j4-o2»jl 1I jLui^JI 

cjVj^a]I j aa\ ~ j . a <ł 1 "t\ ^ (^jl i j U Ij_L_> * jjj ~ II L j U ^ 

Ja^JI <LjJaJj_fl ^Jl <i^iJaJj_Lll £-_a^jJL1I jLau-o ^_1x. A_a£j_J| ^jju^]\ 

(iJji 7200 ^1 j-^.) standard linę voltage i^UUI 

(^ 5 ^ SjdSJI dl jJLJ L-a\ j \ <Ja jU-ń. II 6 _\^ 1 ^ Ar ^ /%! 

.A_jJLc A V l~> 1 J^.VI 

A > C J^ JiLj ^\A 








































-j i .-.a-.n .technology ^LóaUI ^ electronic devices JjLcu>ii 

JjLuj ^ 4_pl4jJI ol>TtAJI jl VI .d j<;_ri l <; t A JIj Lć \ jlaj& M oLjjlaUl 

.jjjLUI I (j ^I "i ^ j 



jj CjI j4l£ J_i 3 <ui ^Jl <4_1 jU ó^-usl Ijjft Lia^J ^ 4_4j^j£JVl JjLuj^JI CiVLą-a j[ 

UjV-dl jli-G J1 a JjLuj^JI O .CjVL^JI aiA ^ ^*£111 jyjzZ 6^ 

iLijiiJI 3 ^„uA-ll oI jxaL^j (D VD) Jl (^ŻJjjjś-La) Zj j*-uz J\ CjL?->aJ' 

.yjLUi k j a ą J^ jL£a J£ ^ SjŚI^Ia 




_,"i< aJi ^ oL-H3j^-lVl 

ę. * 

j (? ? ^ ^fi \- O I J—2*—J —UJ I 

^ I ^ lj—11 

£j\ _i^__LoLaJI^ A-i-Ujl_2łJl C>VVlj 

-(j-^j ) j > ^j-^0 
1_AA A_ij|j (J_łLuj^JI 

. A_lL*_fi j Sjiia \ o 




JJ>idl ^ oLHJjiSJVl 

<* c- 

1h> c£j-^ ^ ^lu u 

^Ij^l ^o Uj-j Sj $ > VI 

i^jJLaJI A >1 A \fi j< aj^qJI i_jl—xJI 

Z 1 \ j jVC \ y\ J_jLjuujJI (j —°j .a \ \ fi *iJ l 


_łJuJI *j ^ I :A_fi jj_3Ca1I A i.Jj \ a \\ 

; A ^ -O fi jJ 1 A— c, \—C4_łJ <L_fi_>L$Jlj ( jLfi_LlJlj 


.p-i j )(j u i ^ <aJLlu.*. 11^ <a^ mdij 



. Jj\, ^ ll ^jł J.«*iX I aJL-ujlJI ^1 j^^idul 

____ ^0B )-. 













































\\t*i UatwSW. 


Oecembe? 23. Wi 

ęo Years and Counting 


Urotł*cUon\« ęroup 


^jjulaJI ^JLx-aJI^ j^.ia.ujJ- jIJLII ^1 JL^I 

J 1947 Łi«i transistor jJLujJIj JJ J Jl=J Jl Jłj 
oleiJ lU ^aI lI J*: Bell Laboratories ol jy K * 

J jJJ .oLj-jj 1VI (J ) <a*i u*a J5L.U jJI j-.L x 11 I 

single-chip a_JL_ 5^JI , \ ^ ^ j ^ £_JLjl_* * : A 

j cM c> 4004 J^l ^j microporcessor 

.LjLj Ll*> JL*-o JJ 4004 Jijl (j^j 


JjjLjjlJI jJUl oLcJJAI 



1904 

.^js_i*i 

L Jj-^l J—o_^JI 
J thermionic valve 
V I A^JUU Li I 


chi J JH ój^ 


<^_c^iLkI j_Sj ,diodę 
jjj^I oJ-^ 

John Ambrose 
.Fleming 

^Lili Ci i Jluj S J-C JJLJj 

C5 J J c^fc*- 0 ^ 

JL Lee De Forest 
.triode ^jMill 


jL (j^?^ £-La_Lc A_j^Lj Ji-S j J<.gj JIjJl JLk 1 
^LLjj Walter H. Brattain ^1 ^iJI jj John Bardeen 
j^_L Jl J j^VI ILa (jJ j!j .William Shockly J£J* 
Regency 1 ju ^uA^j i£jL jo jJ-^jlj ^L*Lo JJ 


.1954 ilu, TRI 



oLJjJi£JVl j 


Ja o! \ \ j Ji*\ JVI cuL$ j Lc. ^_ujLlJI II CiLJ j_j Jj 

,J^Vl L Q / ^ \ 1 1 ^Jł Ój) ^kJ I CiJ* J Li ^ . 6 J-J Jl 1 ^ " 1^ J ^ 

2_ljj <4 _s1I^a]I £ Lj.^ !\ 11 jjl tS\jg Jx. J-Ll£. £_jujLJI jjjl J° 


Alessandro Volta Ll) j_ł jjjLl ^ II £ j~J J dl j jc 

Ci3 I jiuC ^_uj 1 J I u j_LlI Ci 1 LUiMAa> C*—i ^ . A_i_jLI LjjLkjJI 

A_x_JL VI J—ii Jjjkl J[ Cii j 1VI Jł ći 3—-^ f-ll 

.^^kVI a_^jLuLI JjLuJ l >j cathode tubę Ajao^JI 



\J\ 

. . J, 

L> 






o 

O 




oLh^j^JVi SjV^ 

A-iji.^.11 oUJL*-aJIj integrated Circuits^lJl^1jii.1 

microprocessors 
—' SjVj Jl 

d -»l i q . 4 'i i'.^1 1 

jJ JjLoJ l 6 S& 

* 

bj —^_2k.VI i_al_$ 

^_uJ La!^ .^jjuyi 

J—ij 13 3 J 

A AjJaJI dj 1 ^ i1VI 

_śi_ j _ivi Ł i^i 


optic fibers a^.^.ii 


jl i i i 


^jul——11 ol—tul—tu^ 

touch .screens 



































<Lijj-udLuUI 


JajGj .electronic components ^ 34 n\* 

^ ę. ę 

Joa jA* i ^4 LłjLj^S ^ '“*11 óLj_luj_^JI jl Vl ^jj h iiń ^j_Lt 


.semiconductors jai^ui oLuijj thermionic valve ^>>Vi 

JlŁikij jl^JI ^4 


i a a j i-^^j .A_sl_kJ ^_ic diLJ ^_a inductors (.~»i ~>i u ^l) cjL^j^aII 

, * * * 

A> * \ r.. " J *. i 0 *1 ..i * 1*1 i ,xi 4 ^ " V J l i XXI1-a l 1 X —O V1 ^ A JJLjlJ! 

^ lc. oL^j^ll .Oj > i*> 11 j iiiliJ ^-lc dlcjLuisj^.^11 

<Ljl ,^-cjj^-oJl capacitanc© ajlauI^&JI 2 ^ i q ^ i i ^ 

.self-resonant freguency jJl ^1 j jj oU ^ 




SPRAGUE 

POWERLYTIC® 

36DE 

81000-40DC 
87261 2201 

MADĘ IN USA 
+ 95 °C 


'CMS 

rau“1 fr 

\95iaffl 
.60/ w h 

t* 


. a-i LU^JI^ j»La_a.Vl JK,riVl da l~.\ a ^L.«.i.ul^a , 

^.ujl ^aJI 

* ^ C- # f 

ol 3t<Ail^- aII ^j^kJLuds^ jiic Lisj-o a^Lj^JI a \^<ii 11 sljl ^-a condenser ^ ^1 capacitor £_uJj-^11 

-Lajlu-JI A Kuj ^-xulj^JI ^_ŚJ Ll-i J Li I Liii 6 £ Ul^ i 3 J < A-L Li^_^J I SjjJLlI Ja A J K 1J-ŚJ1 ^J)*\<<u.Q ^^JjC Jó 


. Jjlx. \ \ ^J^aJLł J^-iiflLł Ja^L-uj 

U \^ aj anodę vL$ ^-ŁILli ^_aj óLaJil g-Lij^ll <lLsL» a_j_żu a_L_uj^ diodę ^jLUJI 

L5 Jt numeric displays ^^1 ^ light emitting diodes (LEDs) *j^aU c^LpLiUl j .cathode 






























.U i 4-i-ijj"^ 1 [ a I j taj 3 transistor j3~i I jil I 

Ja_jlj_-o A_a^La AJ3 < 4 —L_S \—Ik_J I A i tu (J_a!—uj 3JI < 3 —° 3—A J l -A.-l-.il 


jLilii 3 _$j1a ^^^.ill Is-aIj-aII j^.1 ^jULx±jj 


.terminals 


source ^ ILa ćaMUI Ul ^31 ^ji3 .3 _ąj^VI >^J 1 
^_Lc a jLIji ^3m Lojic3 .drain l_sj<^ 313 Qato 

l ^j*^ a 1 I 3 £-ą13I Lh^ 3 ! li 3-^1* ij 231 3 _ąJI 

1 UJ I t 'y±ju^ )JLJ ) Q 1 <JJ ) ) A I >ll! ^jULal _A fi 


6jliJ ^3 1 <j^*> 


j -^1 j^lfcujj-il^ilI ^tlfl ajlLL^ (J-aaJI^ 

^ <^Hltll 1 _> 3 _ujLiJl ^ 3^23 ■ A-A^a-^3-11 CaIjI3I A «jjj^jJl j-i<r>l-A.*JI 

^ J3 liAA Lh i *>^* 3^4J 3^^-° LT^- 

.robot (ia3_>3^Jl) ^1^.3 131 <3-0 L^u J£ 


^jtiLaJI 


~v">j ^33^-l| j-uoic. 3 _a (a-o 3LUI 3I) rosistor ^3!. £31 

(^l_ 5 _J 3 A —o3I_lali_A &J—J33--* 3-^3 ^ O-C- jL-a_1-)1 _A 

.A A^.jj3 ^3LUI A a\ Q ; ^ir. (J J_a J-°J CaLo3 1 fl.o 1 13 

U <La_a 33!^ 1V1 oljljJI £ \ a *y ^ £j\ 031—Loli ^3 

. £- LlaIuj I 

fixed a_i_aL_j o! 03 1 £_o :c 3 o3 1 131 3—° 3^ 1 * ° * ^3 j3 

^3LUJ .variable resistors s3UL0 oL>3LŁ03 <resistors 

3jJjlj 3 U 1 ^ 3LUI Lol <A 1 aLa ^ 3I LtiS Ca-ąLaJI 

.^aJJI-o 3 1 ^13-4^^ 3 mjC 3-0 SjLc. ^3l_loJI ^- 1-^3 .A-o_ijS 



















J)LŁa_j ^Jx Sjlj ^ 3 jjjLLa cjL^JLjca 


4 _ą^dl djljJI 


jaVt L<r ii. jj"< i4L» <uoi jMij.uj ^_śjLi 3 iLsu^j iaLij ^ integrated Circuit 4 ^-aj^ji SjijJi 
Jack Kilby ^ i h*ś JL^. ^us ciLa^LiLaJLS ^j_^.i oij^pmjjjiL aa i a^<a>h i < 

(>a Robert Noyce a Texas Instruments c»IjjVi lz\ i.^i luuu^ 
oi jn..iAS Sjij jji Fairchild Semiconductor jai^ui aUJjV juLiu ^ l 

CiIj-*-a1I 3 śLijji-uaJI ciLąJbLAJL£ J_iLujjJI j-A jt^ II a^ajaJI cjIjIjJI ^ ^.^.óLaJI j^aJI 

■ pIjLliuJI j ^ J j ■ ^ « Itj 4_j.aLAi.uJI 


4 ^ rtjrtll SjljJI 

jl) oljlJI (jjs ^yll _l^lj (j-o (Jl A_^_a_Lill Sjljil 
flip-flops oljljJlj logie gates Lókidi (oL>lj_Jl 

^ <c$> lVi oIjIJIj multiplexers Lo.ia.iJI JL-*iVI ol^jj 

ajufc ^ ^ -• j* .Ajoj^ ol j" lj a .:,_k_ ^jjLii V 

A_il^ ^-■•l a A. \Ij /Aj \ a I I ' j ' . ~ A I a j . 4 j U c A_£j_uj I oljljJI 
6 jJi~i 1 i_;ł_jl_Łij L»_a_LaJI NjjU ' II oljlj—II j ^ *« "j ^ * '^~ II 

active filtering JLaJJI ^ _, l jiJlj amplification ^ , a ~ 1 LS 

.dJj ^1 Laj mixing j demodulation aJIj,^ 



a ^ i ' ą ijl J 
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■****(*11 a. * C ‘ I -**** J IB-L- 


ę- 

o joojL^JI oLalij ^ Jil^UI ^LlujI 

Computer ^- uj l ^.11 ol—51—5j ^^5 (J_fll^_iJI &1 \ <i»l ^,.\ ^ ^ 

S^l^aJI cjI-^-^j ^-s J^l * J-aLJI A_i_żu k_ś^) .chips 

Ij.^. a^j j ^5 aJ j) i a_ajL_jj^_^ A_J_fiLj aJ j < A.x^>-a.^..\^ll 
A-ij L ij ^11 JjflljJJI ^y& <J-5l a.1aJ $ L> ^1 £>* <A_ijjDI 



^jaJI Jy>^ jc-aj 


_91 \ 4 ll 


jo^a l \ 3t U OI j Jfr *1 JIXL.> j-> IjlJ I JJ> ł A ^k.O _ud I Cj I jl jj I V fi \ <^>*4 

: W^J^ LSJ^-^ 



:small-scale integration (SSI) JaI^JI ^oJI 

100 SJli^JI 

medium-scale integration ^j^JI la_^ j_jlJI £—ojJ! 
3.000—100 a a! fij_Jl :(MSI) 

large-scale ^<1 1 ^>Jl 
S_5L5^1 :integration (LSI) 
100.000-3.000 oe—i 

■jsS&l 


Or-: 


very large-scale ^aJI -> _> u ■ 


E-* 


jJI 


:integration (VLSI) 
1 . 000 . 000 - 100.000 
ultra large-scale integration ^aJI j^Lidl ę-ojJI 
j ..^ . <~ —o a j l 4—sl—ŚjJI » jj ) :(ULSI) 


^ ^ £-* J 



























^ : UaJI 



printed Circuit board (PCB) Sjijj) 

CiLj^^aJIj oLiiLiijJI I ^ j I c £-uójJj 4 H j Hj 4 ai _«A 1 o ^_A 

•* p ^ 

Sjlj <L^jJ ij-A .J ...I ->■ II ■ a II "< _»j .j,j_^Vl ^ .' '*, 

_ji cards om h t ii 1< ii ł ^x»u jisi ji H c -j * 
^Vl iLi.jiJi :oU.>lii diA jciuj .adapters oUjI^JI 
expansion board aju^-JI .motherboard 

(^Vt n daughter card Z*\ ^ 

network ACuiJi ^uUj AśUajj .controller board 
.video adapter a^j^uJI interface card 


ó. Cl j y \ I I SjljJI olj-^ 

printes wires "ic j> »kd}LJ ^ a_c^ ikJI SjIjJI a^ jJ 
A-cjik^il d}LuV! .insulator sheet iJjlc 

JjLxJI cj cjjj <tracks dJLaJI J traces cJjLJL a_1SLJI 
oL^.j- 1 j .substrat© a,_iKiJI ^ 

6J) J 111 ^Jl 01^1 lu-o A fil u<ol : 4 r J) A la A 11 6^lj-JI 

oljlj-H Jl>^ U x a ^ i ‘^"^.3 .A J-Lxa I 


Us Q 0 4 »i a! | 



l ~v i 11 (^j-o AoLila ^C j i K Xi 11 

jjuL^jJI aJI jl ^xo <L4_1£ 


,A_j j^ł Sjlj 


Jj 1 A 1 j *i , li V I 

^I^JI ^Ja (J-aaJJ <LoAx-<a-cJI A-Cj).iira a! 1 cJjlj-ll CjI^w^- 1 ^ j)~ 

^1 ^1 ^Lo^JI ^ya > v-oJ Ł»>^J I jlo^JI ^Jł ^1 
OjJ .A^Lj^JI qLjj)^xv1I ^yo Sjlj^Jl 

i l j jI J-oLULj a_ó jj<LiJ A-Cj) i KaII cjljlj—II 

a-c j i Uxv3l oljljJI uUjJj .flex circuits aj»^JI oIjIaJLj 

A-i^-0 1—001 J A_JJUOxuJ I VI jl O I^A-C L£J I ^ił 6 J J) ^11 

y^i\ ^ L$-Jo > 


^^1943-. ' ^ 0, A# 

raGf, °s 

7 q V ^ /cŁ ^/u^ • 

^c,_ ^ 19 48 i, 

^ćUav/ 

\s^Lji . ^ ,Ja ^«y i-i 






























.PCB 


I ej tU a 


. PO B Łl tU A II ^IjIjJI UU -k A 




O 


.PCB <Lfc^ iUaII oljlj-H 4^.jJ jj-oLlfc 



jłu^uajJI 

1—ol ^^ ^ 11 ^1 cjL_ i—VI j| «i< .\ ‘> |j ^ a .\ 

A_^^J I 3 1 (Jl> 1 L lfł ^ 1L \ a 1 ^ a a « v Q 1 ^ i 1 i~> L> "v a 

A SjLf-O JJLJ LcJ^lkjl oljljJI 

A-i-la 6^) « l i C . Cj-uj ^ AX.^-*-L~aJ I O I j I J-l I d» ^ ^ 

6 JX ^ J ^ *j ui .{[ ^ <^>X \ j A_a_^»aJlo) 4 i U Q ,^n 4 1 c l \ 

> <x.j )) U r> 1 1 cJjItaJI I o Lilii 

.UKiJI iLlij 6 ^aA «^>j ^ j \<^*i U 4 1 ^ 


<Lfc^. iI^aJI oljlj-ll 4-2kjJ CjL \a 

a^L^ ^ jJJI :core materiał L^L^VI jlj^ll 

a_ux»Lix_> ^c_jI <a \ SLLi-o ^ III j-l^jJI jt-lilj 4 A,^ 

•W^La. 

a-i£*j j :pre-preg materiał L^isJI SjL* 

CjI j A j <S J £cJ»L_Lu<a J-S-Zu ^-1 C ^JiLjj A_ą_uj 1—UJ Vł 6JLoli 


A-i-sj a ^j l 5 ~^ -COpper foil 4 ^ l ^ 1 1 1 <L£L5^JI 

• i ł ł L^-fl^Ia-ł ijjj* *j II ij^ijJI 6jLo ^jlj j I ^JS 


A-iiLx-ó[ ajLli :copper plating ^UjJI *MkJI 
<_jjilll jl ^LljI 4 ^.jJJI ^J| ł a l - A"* ^uLataUl 

.^11 A_^.^JJI 4 _c j) * / a \ I 

SjLo :solder mask ^lJji ^ a_jL 5 ^JI a 

jUI ^ Lf^ii j ^Lł^£ Jj^-? A_^jlll Jj^ll 


■r 


UiJI 


























































<Luu.j.bl i X aJI 


óąj oj-?-! jt^t ; iut 4_ixdL^ magnetism < ?jmjM '<*a Ji 
. lodestone ... . ui ; 4 a i i j ^a j hm N '< * a 



o^xljA^Ij 


j \ \ % i 1 dJjJij 0^-^ aJ»I Ij ) ^fi u O -0 J^l 

I I j_A ASJ . JuUI ol A\i**y 6jjUI dil-oj 4 _jLa 

* ę. * 

^ 1600 a_j_uj ^Jlj^. (^j -^Lc. O -0 jL^A-oLć uj-ś-11 

jąixJI Jxi jj William Gilbert o^LA jj 6^ 


t **t \ ^ ^ \ 0 i 4 v <n vi-s 1 \ 4 a! | 4 \ ^ U\ \ 0-C. I—&_> jZi_>j <Cj 1 lAjjlrł 1 \ X a I Ij 


J 1 ^^ ^ oLśl r*i^VIj oLcI^ll^I 0-° j j-sJ 3 -j^JI ajsIjLaI^.1 

_ 4 t ... \ l^ 1 t 4 a! I 


Oj> Ia ^Lj-Lj 


4 \ \ 1 ... \ *Q » f \. | \ . 4 t.n >U 1 \ 4 a! | i i | ) I ^ ^ l—J-Lł^ JJU 

i i lj tII 2 K I *II 1 ,^s \ 1 \ i iU q >cj 11600 a_1xu a_a1LJI i^UII 

4 t .1. t U>1 t 4 aI I ^^5 I ^ Ą^ll ^_lc pljl M ^ I 6 J-3-4 Q^) \ 1 ^ I—i . I 


^IjJlII j j /v x I I Of-? a_5^LxJI ^-4-fl Jjl-^j ^ ^i -l 

The Magnet " 0 * t \U\x a] I 6 La-łu I V i I A_J l_fl \ <lll^ I 

. ^jJaj 4 j v4 aII lj) ^11 ^-WJ 


^Vl oLfclji^Vl 

; 4 i « . . t < 1 i4 aI | 4 1 1 1 x 1 1 

magnetic compass A^iŁLi^ll a_L^jJI ^ 

\ \ \ ^ 11 J .A j ^11 I J_i-4 ^-^-11 d)I^J*^l J^l 

^ ji. \U 1 \k aII ^j| 1^ ^ ii) ‘ A J t*' 0 A ^ J^*\i *jI ^j-o J^l 

y*~ ^4 . >_ij) i —^JLcluj 6 1 > I ( ^J[ L-a_łlj j \ <l ł j (J^ 

a 1 4 ^ 5-TI ^ "i ^ ^jjl Jjl u^j -Jj-k* J - S —? 

\ 1 I I ^_cjj % I ^ \ l , _ t a I^ A A_j_juj_ł_UI—4 _JLoJI 

.^j^UJI ^lill jjli I ^ Alexander Neckham 


f4^- j j 


^ójMJ 4,J<U ibl 1 xaJI j^^iJI 

t ^-11 a" ^^ajSfl o' j-^LuJI Oj-^-II ^ ojT^- ^Lj-Lj 

j m ,i. i Ul \ 4 ^ j >> U a Ol - J I_(A j «*» \-Jq I—\ > -o 

._ t Uai ij .North Pole ^LoJiJI _^Uol i magnetic poles 

.South Pole ^^Jl 























oLiLb_JIj j 1 a" t i VI jj 1 a I U < 


credit cards ^UisVI oIaLLj »j^ 
a j^jU Li^o ATM cards ^^1 debit cards 

A_ljJj-cAJI oL-OJ-U-dl ,J$ Lfl-A-jjL^ J_lJ ^k 

^-k. A j <.u jL Li.a aI I A L j jJJ 1 &J_A ^ v ^ ~ j) A a l L \ 1 1 , >-n. 1 < 

.^JL*JI pL^jI aaI£ ^ 4 c l U t I I 


1 IćLa oljLŁaS 

^1 jJ^Jl ^1 ^ Maglev trains ^_kkLo oljlkA Jaju 
^> 5i i 1 1—) £-Aj_j ^jl L-o ^ < ai ^I -i->l /xj j Ul \ 4^11 1 K 1 


Aj 1 r L-o ci>l^j 1 L a £_A^_)^ .4 > i.< > U l \ 9 a 1 1 4 \1 ^ /n t 



j^jJl ^ Jaxj jlka 
ni jt^i i> aIi 


£-A^>J <jI Loj ,A_jjA A_j_jjJL-o ci)Laik] 4 U,>. l 

ca 1 Li ci> La lali I j^^_j ^ v "n. ^ l L a 1 1 

^3 1 ^ "i a . A— j \\ _)j__^_S_JI 

«■ * 

(jl ^jkoj 1 _AixjjL1 \4 ^ 

Ó^JJ .jlkill £-AJj jl 

* 

i^j I ci) 1^ l L a 11 6 ^ d 1 

j\ J— 

«._LL) ci> Lcj-uj 


.U/^500 


iX aJI JjkjJLc kjkkJJI 

magnetic resonance ^jLLjlJI ^^JL u,u^~n 
^ aaIi^JI J\j^o ^ imaging (MRI) 

O -0 A_kLiJI 6 j-A JA ^ A a1~ A. a A \ t H \4 a ci)VL^o 

f .Paul Lauterbur^jV Jj* *UkJI 

oj J ^>' 1 !<-*-? Lo AjjjJ ^ cu jL l.i3L.AJl ^ijjJLł L jLa~1I 

^ ( aj jU I v * a . I I ^^jljjJLj LjL a II jcLlojj aj\j».1I a_slLVI ^Ij^JLul 
^LoJL^ LloLu^J ^A A-^jkll 4 ^ ,* t \ VI ^ ^j£. l Ań,<1 1 ^_a 



^■a^jIoLjJLaJI Jł yll 

iikUl jjt magnetic field ^jL Iuji (jkJI jl) Jl^JI 

i A. j<xijln1 ix r>1l ^jUl 1 (j t a (J-oJLJ ^ ~ 1 1 \ U1 \ 4 a 1 1 > 4 U ^1 1 

-L j) L > ^ 1 1 6 j a ^-C j—j L l \ % ^>1 1_ ) ^ L-v a j U a. > J ^ a * i 

.magnetic lines of force aj^jU i ^11 s^ji : 


J-Lojj I *i j H \ X ^1 1 ^ jj-ojjl ^ J-^JL^lJ , A j ^ Ą j k jU^y 

>--- k a I I ) j > \1 1 >_k a II ^o A j <xjj Ul \ a ^11 6 j a U U ^ 

.closed loop a_a!jLo a a i^v - a ^JLuJI 


oUi.ł jP>l. 11 aJI 

^^^1 jl^JI J jjjkl ^y> jJaS ^ magnets ,- k^u u; ji 

(^jkaj (^-Jl jlj-^JI jLLojj .jVjAJI jl JjJ^JI ^-C c£jid ^La . ^ 

cJLjjUI j (J^>j ^11 j jVjaJIj \j v —. 11 *C — L$_>j^> ^jl tUl \4 a 11 

.magnetized (a j < *> j L I \ * ^ ^ \ L \ 4 ^^ ~ ^1 ^ i c 1 ^ ^ . \ a. 
clj-Jlj .magnetic materials 4 j.x»jL\I jlj^a j|j^JI ^ jjfe ^_C Jjj 

J ^ l j-LJI j-J .A ^a 1 1J ^L^.jJlj ska^Jlj jjjJL^ 

.nonmagnetic materials H \;. ^ ji^ ^ ^. : n\;_^| 

.L^lkli-o ^jkoj V j 


jxijJb L jJUaJ I oLkukc 

Jjl ^L^ .^^u j LI \xa\ \ 1^-iJ d) l a J i L ~\ s \ C V ^ jJJ 

A^iUl ^ 1^ d> J£- Luj ^ I 4 1 / t 1 1 1 i 4 a 1 1 ^ fl i 0-v 

Lf^l J A j<ujLl ^>11 oVL^Jl ^ (j a j) j j) L~ 1^ 4 ^ tl i 

d) l j aj j L 1 \ ^ ^1 1 ^ \ A. \ 111 \j^ I ci) 1 '“*L 1 \ 4 a 1 | ci) 1 a t \ L *> djHiIj I 

• LL> Lj ,_u Lą^ ^l~^*^l 6 j-A 


^ ii t tUI \4 a II ^MjUI 

a j ) L a < aj 1 1 ci)l^jda 11 A-a j j a 11 ci) 1^ 1 ■ -A^ 11 ^ ^_lj_ 5LJI ~^ \ ->. *t ... | 

\\ \ <^1l ^ ^ ^ Jl£ a 11 healing properties 


t> ^ji^LuJ li* IkjJ ^ 

Aj <j^> Ll ,d-AXj^ l^-o VI ^-o JjJjJI A_2»J LjlaJ ^jLI %4 aII 1 \ I I 
J j a j j ujj H i x aI) j_a jJLII 1 j_j_a ^ 1 C a >11 a fi. 1 1 t U1 \ 4 ^ 1 1 


* ^ •“ >1 1 ^ f-^l 3-^ J 5 jL)^ oVLx 6jl M-c ^ ^jLl l jLJl 


^jJJ A- J < j L A *^k 1 1 j A.i X "\ J . ^ J-l, 14U 1 LkJ I jLaiJ ^ J L \ ~ J 



^Lul ^ ^iiLdlj 


A jnijt^i \% a Sjl^cul 





















































juiIoLJlJLj ^Śjxa 1 j ^jJIj ^ <u -i ^ojJI 

a «,,. % i *4 4 a i i żs ii \^ % ^.i 4 j ^ c 11 i_ł j j fj t joiioi ix aJI Vi ■ ©l©ctrom3Qn6t 

oLLudl ^ LłjLjj 4 ^ IjL ij ^ oj^JI (> óuŁaa V [ŚAlu ^Śij jo..I 4J 

Vl_ąu» <U^. 3-Lia. aa dluJLi ^ ^ÓJI ^Lj^JI jUllt jV dJj .LL1 La« OJj-aJI £-łuaj 


j^bui jLiUi ojJ>i ij.^ ^is, electromagnetism 4 mniaj$£Ji S^s -i junNii a 

2 .'. '•> a iUa I ^jJ| I ^ . .a~< d^aJi ^uiolai ''* J1 ^aJI ló^Jj . ( ju i U alÓAa VLą-A > 5 I Im 11 

^ S^ljJI jl^liJ^ *\ ;jfl< u OjJ>U A-bLijfSJI ól (u^IsLliLA i l ^j\"tiu"ij .j^ib ji mM 1 » AJ ia^aliA 

J^jG Sljl J\ s_^;j 3 ^a <( j^lj*Vl j r>j\m . J j .jLiiUl AJjLm JaliLul^ <k _j^cuLaJI 

.^LijfSJI ,-i* 



z. 1 ij j < 11 a ♦. i« tUI *4 aJI j QV| 



A \ ^ 1 1 JL^dl 4jl (J—o 

L$J»I A_pL»^4^JI cj \ ^ r *i l l dj ^*r> ■ <i ^H^-?j4^ 

A o >k d-o d *J ^H ^ ...jU\ \4 aII VI IjLaj 

* 

dJj i 4^<L1I jd-ojj <L ^Lł^£ jUj J£ L5 _uoAklli^ JU^ ^»l 

I ^ U« \ 1 1 d^ A * ^ .j I v v 1 1 A_J j a,> jj I I—d I 1 <dU^i]fa l iX .o l—o J l*Ł c . 

^^ill ^ k^jki*. JSLk jLiill J^a. ,^-JoLii-all JLą-all 

q ! \ W dJ-ujJI ^ A_ili-o A_ł^J»lj CjI 1 A j< Ai j l r* al \t ^1 1 


jnjhl iŁaU ŁiiLj^JI jL5Vl 

U. A . ^ t> Q \ ^ ^ ... \ U. 1 14 ^ J1 "va d I hj I—oJjlC 

^. \-v \ 2 .dLJI ji vc A_il=J^Jł ^ 3 1A-^ A \x aII 

J «^ S l I <dl—J J-OJ ^J- > 1—jj ^^ -11 jl J *i I I 

jLilJL jl pJl Ij-A . 6 jIj a 

Jnduced current ó ^ ^ ^Jl jl c^i^ll 

^uijlft^-SJI ^ 1, 11 A_Lj^-UJI jl-j-lJI c> Ajj^a 

.electromagnetic induction 




















H o Lal j^JLujI 

4_i_> L^£JI ol <ujU \* * dl ^ *~*1 ,n tU>l \ 4 aII JLJ! 1 

c5>^ j ^ \ M ^Ld 

4 1—^ ^ 1 1 i_ \j 1^ \ 1 ^j-.tJLi LuVI I ^ * dI 4 \ nt \ ^ ^ iI .a_lo^jJI 

a_5LIq J 4_jj£_JL£_idI <JaLU II .Sj ^ <cJjJ^J l L5 _a 

l 5 -Lc J <^>~v i I J *\ t jJ u J U 1 *.dl ^ l \ ^ ~ . d _ i 4 > i l _^ K 

.,L^£JI 



^-lojJI jjJI 3 jxU 

^ \ajI 1 jJI 6d£.l_5 ^jisJLuJ 

right-hand rule 

uj ^ l n l i* d l JL^JI aLaJ 

^Li ó j-cLDI 6 J 4 J ULśj 

(J-JLAJ 4-il_Ą_JI 

^ jLilJ J-^UJI JjaUl 
ur * -*} J l *d_JI 
jUiJi *Ud 
.^JLJI -X^k^-d I 


electromagnetic L 


4 U U 11 3 11 

_Lj_£-^_JI 6j— Ul J—j„L- v~ 1—i-i 


^LiiJI a_h^ ^-u^LdLdl JLUI ijź j\ strength 

(£ J i j l J d 1 £—0 I J^Jo 4 1 uj l \*\ ^> .dl ,i ‘ II L* J) dl •“ I I O 1 41 

.dUI 


0 , 





■ v^J> 'ś . ^ orsted 

. 1 -..i.\\-4 d°4 a=u*-' 


. k r.i\iorf\ , \ 




\N'W' arn ^^ cłuraeon 
.1823 ^ 


to 




^ Li ^Jl 



4^-j-łjjI^. 4 J 5 LLL 4^ ^ \Tu ,~t l cU a_ic J <ń, 1 1 Lo dl,,, , ol > 

dlii Ja_iu^ 4 t < 1 . \ l^ 1 ł i dI ,s^ 0 11 Ut4. \_Jj 4 i U> 

4_jL ^ 1 1 1 L^jIjL^j (5-^1 0o 4 C1 QUI 

. I ^ «u ^ < dLJI CjLiLLk.) 1^*^* ^1 0.0 V. Ił 

jI 4-31,'ilu^JL 4 o 1 Q 1 11 L S 11" JjLd ^ r Jj 

.solenoid ^j_Ui ^iidl 



4-ijLj^SJI JjLujjJI 

cA juj L)l \ 31 /> 4_JL_iI CjI jJC j i ^j^ ^' I \ -4 " 

d^j^J I (dj) .^J-oJLj I 1 \ a. \ ^ ^ 1 . \ j) 4 > 1 1 ^ 

l.-aĄ 1 <4 A^.fl 4 _sLL I 4 J \ ^I I 4 o l LI I ^pL^UI 
4—fll_L 4 J *\ \ \l.*\ j^ll 4 cl U II ^ ^ ^ I I jdjJI Jj_^_j 


■ ^uAtjbLucJl ^j-ijJLi JadiiJJI jl^_2k 


^UjLjjfUl oLxliLLjjlJI oLalj-idu-ul 

4^-i-ł 1 1 ci)Lśj- ^J I 4 _a_)L^£JI o 1 ^L 1 i4 a!I ^ \ 4 . 7 <it ^ 

j d>VLu3_)lj 4 _a_)L)^_JI ^ujI^JIj oIjIjJI JaJj ^Lll 
L j> —A 1 1 d>Vj^JI 1 —Ji-)l ^^—Aj .oL^L, iull 

.4JJ^J| 4.ur>Ć^v \.f> g.1 ^Jl 4 iLI jJI 4 JL 3 LII g-1 ^j(|^11 

j ii * ** * ^ ^ ^ ^ Ijjj 4_aJ>1_jj ^ ^ II d»l ^uj UL\ >aII _>* 1 " j 

4 ^i u l l 4-jjL^I dj^LflLJI^ i^l^Lll^ <^^ILall O^sl^j <d>I^LLaJI 

dJ j£.jx:L^JIj j_^Ldl ^JMuJIj .monorail 

olj-s-oj <4 j \ U II VI ^Jł 4 v ^1 ij ^1 1 ^ A \ LI \ 4 ^1 1 

• ^ < u jL l i ^ aI I J^jJL JaJa^Jl£[ ^a-i^JuJI 



































£ 



ę, ę> 

d 4 1m tUI i4 aII pl uijhi \x aJLj I j </>x \ j ) u ^1 ^-LH jI^aJI 

(j2>JLJ JJLjy e>-I L>^£J 1^ p * iiLaJlj J-jJ ^ Jt :4 uujto l ii a JI ^J-J-i jI^aJI 

\N ja IIj j 4 j ^ 1 1 < j^Vl 1 A* * Lal i^-caJbl **« *J1 j^ ^>JI< 4 j % \ ik pi mjhl \X a jl^aJI 0±A 

.U*. 11^5 ^ "U *>4 A j< Attt o-ILi^JI^ 



J. I j.i «UI *t4 aII ^1 j \"uxjI 
.j.jii.Vl jIjaJI !j£. 



,j L^j> ir* Ai ' 2 


» 

o 



m 




^LajIjJI o 1 <u j-bI \ X aJI 

j^< t J ^ f*. Q aI I jVj fl II (.J—° A—g-J) *4 pi (AJj ir>l—A_X- aJI jj-CJ-l 


Cj 1 t U 1 \4 a\ 1_j 4 >„.tk I \4 a\ | i ^yQ ^ 4_j_^^ (_£ J_l_ł I cd-ł 1 ) <<ul I 
^ jl^JI ikiiLo 4 -aL^j .permanent magnets a_pUI 

d \ U r 4 Q -A jlO*^ łS L1 i I 4P_J| — i A j i a C . 

^ Ir 1 ^ /.. o\ ^jl 6J-A jJ^L^-ł ^ 4 4 "»^L1 ** S^-5-ll 

> * 

.reluctance a_jLLo^JL> a-ojLUI .SjLJI J£ 

Lol .4_Jl_C <L3LjLao CjI j jl^-o L-° A^ajI jJI £j Lui-JoL lX-a 1 I u_aJLL>j 




jV^1 ^ U l j_»j-Jl£ a_LlL-AJI a_xj Lo-oJI oI j jI^-aJI 


JiLLaJI ^_ic > j \ 0 1 1 L^_łjJ <l \ 1 tja 4 U \ 4 ^ \ I 4, l^AU (^-4-^ 

jlj-oJI 6 j-A J-Lo J_jj .A_1_JJ_L i (j ^ J \ X x > ^__1_C 


.temporary magnets iis^JI oLu^LLcJL 


-©- 




















^ , t . iUl \4 aJI j ^ H 


^ % \ 1 Ł 0 jn a j_A 


A \x j ila.lI oLu^LJuJI 

O-o 6 jaJL-^ ^ U o <_> w ^ Ir a j \ a 11 lA I a"\ ^Lll A j % \ \ U11 jl ^Vl 

..i > U.1 \ 4 a\\ \ ^xjj ^'1 ,,.j Ul_\ 4 aiI 


J—j J-^JI 


1 4 a t ui Cl j matural magnets l } % }) U II 

a v.^Ul \4 a\\ \ a_jIj j ^_Lc ^ j ^.^ll o^j .p-LojaII i^-^ll^ 

LjJL^. A_AjL_i_i_LJI oL jLaJI j^^aj -^-3 2600 4a_uj ja-o 

A_j V ^J^JLuaJ JJLA l l5vl J £CA^>A-1I^ CjI-J V^JI 

,A_j^UI pi /x.jUI \4 aII r-LL»| ^J^jluJI 0 -° ^c_Aju-al 


A J^L Jl ^ 

loL ~^U^ 

Uu. ,, ^ ma9ne,s 

oVL? "u-uf 



d iUl \4 a!j[ i II jl^JI 

^a tl) JL ^ ^ "mm.ij.U 1 \x a ^Jlc JóLL^JI ^_Lc 6j J-&JI jl^-cdl i 1 
jI^aJI j jIjAłJI 6 J—A CJ_aj .Ia_L_fl ^a,xJol—\ *aII 0 —° > )j 11—J 

Jio .paramagnetic materials a^jUIIa.JjLąJI 

a * Ul \ 4 aII < j^\X \ —) iJLi"\ *\ 1 ^ J) J V <0 1V1 ^ 0^^*—i-Jfj II 


4 Jm llfll \ t aJI jI^aJI 

A_»j__>j_^JI A v ■** * Ul \_id! jl^dl 

jIj^JI ferromagnetic materials 

J-A jl ^_o A U \ * a ^ 1 C 6jjl— aJI 

^^ j \ IV 1 ^ c^L^JI^ cdi—j^-^JI^ jVj) $ 11 j 


J-jjl I jl—fl <-Ul \ X ^11 ^_-o A-_łj_S_-o ^-Lc ^J) *N " A_Jl 


.1 ^ JLx_aJI 6 j-A uiis ^j^Ut v4 a\\ 


^Jx J)4hj ^-lUaIsLuLA j\tu^ 

.J^l ^ ju 1 \4 A ^Jsuju 



^l— o^aJI jl) LUI A_La_j_LiJlj alnico 

^ jlj-JI j permalloy 

, ł. \,.■ ii \ 4 aI i t ** \ *y i a! i ^ ~v < L ł I j^A VI 
^j-Lc. ^1 ^j-Lc Sjjl-i ,^—&j 

Ol ^^_A^k A t ... 11 t < ^ 1 1 1 ^ I ^ A 

.^UJI JL^JI Jl^ 

l**j l ^ ^ a ^ AI ^ -o J I^aI I 6 J—A 

4 1 I_g_I *i II Cj\ —<-oA__Lal—l-sLall 


. o La->j^V\I V1^ g- Laj ^ I La 




















JL^Jt 


(jl) Jl >dJLj UlaJI <>j-ljLj uj ^ ji^t i Ul \ 4 aII * d U t- vaJ 1 d a U \a!I ^xjJ 

ilailA u ^ya^LiiuJ liiAii JL^JI jLjj .magnetic field ^^uni.j i 

j-i^l ^ujbl i> aJI JL£ LlISj <L^-jIJa£I jJlCt i a mi V d 4 * A ^Vl -v a ^ 1 <*.11U1 \4 aJ1 

jl iSl j-UI oL j jji^JVI (jlj^j J-fc ^AAiibl ii aJI Jl ^aJI ^ <tt %U1 \4 A li d II ^ a Sjii cjij 

■l^dui jąxj ^jJI jUUI 



ćJj^j j_a ^Lj^UI jLlIJI 

^yO A _v ^ 1 ' j (| *\ I I A \-v T.. 11 

^ik.1 ^1 ,3ii-A ^Lkj 


\% aJi j^jji 





^ mjUl \* ^11 Jj-S J-ll A_sLa^ 




^ .,, lUl \4 A II 

Lj—kiJI ^1-a-^aJ ^ C .,. \ .' 

^I jjlJLj ^ " II 4 i 1^1 ** * ^ii 
j-śjJLi Lo \% * 

.magnetic flux ^^kLiŁall 

* 

^1 ^ iju\ lnl \ X aII Q^ A U 

. A (a l^-fl) Sj J-S J-l^-J 

a— j—^>. fij j a, *\ —i—] I /j_5Loj j 


3-£>a-JI—> ^*1IL \ x aII 

. ^-uj-iia l_JLaJ I 



a|T 


. 
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s 

N 

_ 

S 

N 

f 


( o31 >J ) AujU^ULLa A Iui ihLjji^ oLŁ^I 


d \iLi tUi \4 a II oLŁ^Vl 

1~>1 i x .aII \ *1—a. s ic. a_ ilr>l \ *.oll 3^1 * A ii 

.magnetic ^ * u a > ^LjJUJI 3 I Ia 

LS^ jja. l $ l 3 -Ijlj Loj\c. poles 

.<—J^ 1 -^k—(Jl—O -uj ol V>L LajLŁIj A-ujAj A^A. JJljju A_aUs 
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^ Ul llM \%A J1 ^ A 


j^U a jm iM \x aJI oLL^Vl 

Cj\ 44Ujlnl \X dl ^ .LS^LclC Lxxl^1_1jLo ^_jOjVI JJLJ 

—>UQ :Jj-iiln<a ^.Lc. L*JL^JI ,JL^JI j 

Ijj- 2 ^ L-a-^ -^ 5 —? J) ^ > >- d~> 3 j ^1 ^ 

o- 0 <L ^J J 1 5 l j^j l n l \ * ^ 

^-Ujutla 1_L3 LaJ I (JL^aJI „lLojj .^jJłljJL^JI 
.pLt-«a_aJI ^_S cJ^l-aJ) U*\ 11 (j-o c_sVI 



^ ui jjpl \ x aJI JL^oJI oLlujI 

. A_i_> 1 ^ ^ 1 1 1\ Tu 1 1 t \ \ ^j \ byJb 1 ^ ^ A d i... > t> 1 v 4 d I 

«xi^.l I J A_C J-UJ ^-lc ^Ui-ila l l*.d I <J l ~%.d I S^_S J-oaJlUj 


•u^ 



^Ijljlii JS-iLa 


^bljli JSLila 

j\ _ś j <; a _-a, 4 ł -> <;i 

Michael Faraday 

La,.\\f <1831 A *\ i« ^ '“^ u j ^ N 


(j-Lc. oljLiJL=>.l ^ 


,L^ 


JiJ 0 ^ 

ę- 

£_Lu<2uJ <_j I^Jc^uj I 

y. iL-i-Laj dLJI A_il__fiJ 

r-lj ^ <galvanometer ^Ulć 
,LoVl ^ l ^ U l \ 4 ^ d 


Laa <A_jlj) U <*jV 1 (J-^-^ *> 4.1-01 j) ^ 
^-Lc Jj Loa <djLaJi3 Lś-Lc ^uLi_Lo 6j-J VI JjL^. 
yu\ UL A *.dl u.ł a j_j df- 2 ^j <A-4L.4.1 II jLjJlJI 

y~^j *i 11 (^Ijljl—fl ^-JLULujIj .LlA-jI dj ^ ~v II y-C- 6j_iVl 
d l "s.^11 ■ * *'“ * d> J 6^) I d I ^ l ^ i 11 > j} I ^ <aj j lr*>^ ^ ^ 11 

.dj^^dl ^ a!1 




























.programmable u 4_bia Computer o^lji 

<1 j a ^JLxjj input (o^ŁśkJ-aJl) Ci La j) In aJI J i4~n.u"i 

JjJl&JI dJj ^ Łaj jLSLa J£ ^ oLf^L^JI ^j^JLcujj .OUtput (uL^jSuJl) 1 j\4.a 1 mui ^łjJljj 

a^U^LjjJI cji 4 /ii^Ji jLjJI ^4 oL-uxiL^Jt jxLxuj j^^JI^ *Lujjj-aJIj ^AuIaJI^ 

5j j4aJI ^4jU£^JIj ^j4U\aJI oLjJlajlJI ^ 


oLlujL^JI 


wLlu^^uIJI oLju^iL^JI 

Micor a_j jJLusaJI d>VVJ ^ju l j11 aJ a£>jZj oc^iLi.1 

VJ .u,LJI InstrumentationTelemetry Systems (MITS) 
j .1974 a^ulu personal Computer ^,^rdl 

* yj^uu l_^ cl^ I v_ j^juu 1 *v 11 i**.) I ^ ^ d-» J-* A_5^j_d I 

s j) oj)~^ij) .MITS Altair S800 a.I^ ^^^c■ 
A_5Lla_łj .CPU 8080 8080 A_>j£jdl A_dl_JLdl 
d? VI .Ijjj^ 1^.^j cud 256 U j±ż RAM card 5 Ji \1 
^j&jj IJ <ii \ J c> 1—j^dujl *d1 Jd I "ic j \^I Apple dJ 

.1977 Apple II 2-Jjf 



>jxuLdl i Li<alj jj 1 a I j \ t, 111 



tCLij_^JI oL-u*jLiJI jłjjG 

p %• * 

oLjjjJLJjl ^ pi A _LzJI q\ jmLaJI ^1 "' r j" A* 1 

^yj \ \ -j '-li I X \ ^ " aU _J V ^ ] I ^ ^LaJI —i 11 

Jjli v> u,U. Jjl Konrad Zusse 
John ^ Hil-o dj) .1937 A \ m Zł A ^.o^dJ 

Jjl J. Presper Eckert Mauchly 

^_o I d I * )^ujL^JI 1^-^ VI jjjLLo I [ * 

Electronic Numerical (dl ^ \ j l) ^j^JVI ^jj-j«JI 
IIa .1945 ilu, Integrator Computer (ENIAC) 

.1946 iaLiiu 14 I^LILlIj a_*-oL^. ^ jL^JI 


jLj 

& 

1 I jl *\ X II \j ts\\ c d” -0 *_ >^_ujL^JI ^_aJLl_j 

^L^JI jLl^JI .software ^—oljJIj .hardware 

Li> , Ijt.d I jL^JI j-ujl_aJI A_jjLjd^-ill o Id ^^.aII 

ic^^o <ui ^I^JI Lol .dJj Jl Uj oljUlj d^LuVlj 
—>^. j Loj (w) ^_uj Ld I j-o Lj jd I L^_ł A & L ~i,d I O L» Lid I j I jd I 

Cii_oj) 1 X ^ ^ ^ju^—o—Lo ^i-C ^c__l_i_-o ^—A j .A—i ^jJLj d^ 

' ' 3j 
































ćU^JLaJI 


JL^sl World Wide Web (WWW) a_^L*JI A^rJl 

J£,Luijj .£-xa^JJ A_^.LLo Vl A_ia CjIjJ^-gj ^ \ 

A_^jLiu-cJ A_jjj ^_l_c L^JI ^oj a 1 <.ua <L_aaJI _*_11 A. ^ \ HłII 

jJLsJI A_a_aJ1_3lJI A*\ illtll I JJSj .pLo^la. a! 1 t flh\.A JLoJlIujIj 
Timothy John ^ Oj-^ ^ j A i> ^h^JI 
^ 3 ^ ^ a£jJJI jij .1989 ii* ^ Berners-Lee 

<ol^kjm^.11 p.Ljj_i_aJ ^aJLc jj-^I j-aj <CERN 

J jl_i_l_ł ^ 1 j . A-j^-u-lj j iju 11 i Q j \ A_l_i J_a ^—IjJlJI JL^UI 

A_*_] ^ <^ij ^J1 x II g-L-i j j II $-1 o 1 C. o CjI aJ) 1 X aII 

HTML Hyper) 3lLkJI \II aJL) LaI-a.ujj a_lujLujVI oLiJujLaJI 
a_xa!Lc jJI^ oljJ JSLj Text Mark-up Language) 

A v r^i \I pi ^ ^ya A <ł t ,J^ £_3j_a J I 




.^uuJLjlJI 1 fl ^ jjx j>j-ujU ^JLaJI a^jLUI J*^"* 



y,^'^ . > vatioo 

** - o *v^> 4 ^' ^ . 

^ J 0 f* sT ,ave\s'> li 

GuWweTS 
■r • =• w ii^A' 

" 'jZ-J 
\jdiW oS 5* 



jS Lya o 3 -ujL^. 


oLlujL^JI *LjI j-j 

^_Lc ^J Ji v I 1 643 A \ ixj JjV * j <*■« I -v A a 1 ^ i" i a \ 'Ń. t /xj I 

jJjLuaj .A-A-jl <xi^kll oLj_LoJlJI pl^^J ^_Lc J^LSJI ^ II 

^La < ^j-ujL^JI t_J ^ał-u-aII .Charles Babbage 

* ~ 

A_i^Aj_J J^-AJ ll ^JA J3I ^A.,^ J .^Vl >_ ) ^5- UJ L^J I 

j\ <a*\^VI u}'.u > l ^ AaIau^i ^1 VI .1822 Alu. 

.^^1 ujLuJj J^j-aiJI ^Jl 


(cMjłiJfO 

(J-L-ai a_j_>(J i '^~\\ a^ajuj internet (du^nVl) a^jLźuJI 

v_S^_3L_j .01—o^-LjlaJ l_i LaaJLc dJjl_ujl j <q1 ) itiLaJI VwO 

ę- (■ (■ * ę- ^ 

. " 1 1 '. ." > I _i_i j_aj ."'i *\ t r .,11 ^ ^ .-i _ 11 i \ Aj I a<; ,1 LJI 

y uu OA-Ujll ^3 .^ju^LcJI oLjjoILaj A^liJI 

a_ 1 xu ^_l_a <Lo aJlj^L cj 1^>11 VI a_»Ij-j cjIL^^ .ol ^^11 
^ \ <^> Jj-o ^ X \ <^> J^l ^JLj-j-Aj| .aII jLaJlVl ^3 1 lr>l 1 957 
j..-^.I Sj^ilJI c>LjV 3 JI o->.Sputnik v s L\^ 3 -y" j-a ^LxljVI 

^1 ^JJ-^ jLaJiVl l 5 -^ 1 Lxa J- 1 ^I 

dJóJ >1 ^ " ...1^ l_J y_X- 1 ^-n. J)' J) A ^ lfl~ rt 

Advanced a^jAiJI Oj) J II ^ —) ) \ .A A— JL5l J —A— i 

ilu, .1958 ilu. Research Projects Agency (ARPA) 

^ ę> 

A^ylL j_xc cjLuaL^JI L>^-? uU^ j|v 11 aJL^j oIjj 1965 
(j-o ^1 j^.j_j 1980 <a!uaj ^ .ARPANET cjILj^I ^c.Si 

A_1uj lj.if^.1 j IjL-^-lJ ^jl ji^lLu-ail aj ( A_S 3-0 200 

common olIUiJI aJlJJI 1982 

^ j oL^ul^JC c^Cj* cJu^il language protocol 

^ \ i ,JLl^jVI 







































4_iji> ,U I I oLiJbudl 

iLpLi^ji <u$£a djb ja microprocessor ^Jbudi 

Silicon chip > l nu ii iaiSj ^jb $ .o^-uL^ji jL$_ą. ^ ■L^julaJi sj^Jóa ^_a 

^jJLusJI £łJL*.aJI ij^l ^jlXAi .jiJ dj£l j jJjuAA j-A £ŁaIJ jjl q! A l l» ~1 j ^ J ^cJLjLjj Ijiii 

■_}^ “ ■ 1 ć La J ^Jb 



s jl *- a Ji* 

Intel 4004 ^JjjI a_5\_5^JI Lji_o J^l J^jl c^A^icI 

<c_3j_A ^ J_j-o A-j^Lj £_u<ajj <1971 A_1 uj ^Js 4004 

5 ćli j Loj ^_jj-ujL^JI ^Lcu_fll £juqj*> <j j_i-o ^LLu j jJi j 

. .n j,j5 * ^ ^ l.C OL^jS^ll U *1^ »^n^ j—11^ _a-aJI 

2300 (j—-o i 4 II a *> o->l—<^>4 l ^ 1 j 3 aJsLsjJI 

4004 ‘ ~tt>C I jLat-aJI O 1 w \ ^1 <AA^ 1 &l 1 4 Al I )-®) t <A1 l^_> 

cdi J V j[ jjV\ 1VI <__)j-uaL^J! 1—a l .U C. 1 ^_lJI 1 Q * A_i_j^_uj 1 ^i 1 6 J J- Ą JI 
A^^JI cjL.i.ujL^. 11 ^jjkJLuojj .a1oI£ aJs^ć ^Loj (jl-^ l^4JI ENIAO 

. A-Jj \ -a 11 l_cu^J 1^ txj.x 11 i^Lu VI (C-^^5 1 iSj* 1 ^ ^ ^ v_ i ^ JUU 1 ^ I 












tńjt i « a ó I "« ^ a 11 pLaJl % a JI J—t^u-i 

2 tU a Sjlj ^IjJ^IujLj 


rcJbudl j-usLlt 

‘ i $\ \\k ^J| fcJJJLA-O ~'l \^ J (£j* JcJI-SLaII e_iJLl_i • 

\ 1 ~f j ( ^ " 1 1 / y\-v jj) / A v~ l \ .^1 tj-JI A J ^lr>\ a!1 6 I 

6^^lJ-ll J f<L=»l}\ jJI £-0 1jJLlI 

4 * t v <ij 11 


arithmetic logie s^ikUl Sa^jJI 3^3 • 

:•> ; t -^1 1 < 2 u-u.Lm.Vi o\ j I ».JI unit (ALU) 

Z 1 I ,~ t l tSL\rtil^ "i lj 4 _lj l ji^Li^JI 

.-,1 wj» aó_'L j) control unit ^ ^~>II 3^1^ • 

*4 ^ " 4 />11 4_il_i^JI ^yXt " ' 1 aj 1 X Ct 'I ^ J j 

.1—A J Ś ii ?3 <Lftj^oj i ‘l 1 L^—i J Jj 


Hi 


>7" 2008 łC^ 

‘^iiii ^. ": 
^ L*-U^, jU ~ L 

**j- flm' ^ , ‘ il - 

- , 

db-kj /j .- • • J, L>-kv~ . ^ 

, ■ J ^ 1 J^kjl . ,. . J ‘£~ JI -*-Jl 

r jL ^u^ L 



memory interface sj£Ldl j-a J*-®l jIi*. j^Luj • 
J-u^l<« ni l ^JLs-all 
. ^ł-oI^aJI^ Cj L-I > ^.aJI A_LaLlJI A i « l i S^f^l jJI 
interruption controller ^^11 £-*L>j-> • 

a ^U ^ aII^ a! lr> cJ ^2)-° iS^ ) x ^JL*-a 1I u£i Loj 

A A^l l A \ i i I I 2,) -0 J I * U> 4 11 A_ąj 1 l t VI 

a^^Ulc a^Uj ^ internal cache aj^^JI 5jślill • 

(J.WJ^LjUJj I J ^V J) ^ A_A ' ^ “ <!.aII ol-4J) 1 % aII J ^ ^ * 

(Ja-^L-u-aJ 1 I j\uj I jLa_j ó^ A ~ ol—a^l^-lJI 

.^>il 



4 1 II ćLĄluLjA oVf 


ćjl aIj^LuiV1 

A : ^ 1 ^ oVL_^ JjVI A-^J jt ^Jl d>UJL_^l c^j ^ ^ ,-ul • 

decimal ^jJ^JI ^Lu^Jl \ i ^l jJj .calculators 
oLJ£ j a.a binary coded LhLlś 2^j^ 1 arithmetic 
.bits (oIaj) a^ajLIj ^L5jI 4 2>-° L^_Lo ,J£ ^_śJLl» 

^ 1_5 j I ^ Lol! 1^ i o i j A-j^» «^> 11 cj L^J La-aJ I ca-o I • 

Lxa | ^ i \ c J un < i a i ~ 1 1 pijVl ^i ^_>i ^ ^ \\ a_ąj Laj 

.printers oL^UJI j terminals (oL»LhJI JL-jl jl 

1 > ^ 1 17 1 a Q ^ ^ jTnC ^ \ ł | l *” > | ,J A ^ ^ 11 i**-i 1 _aJ 1_3L a 1 I ■ ~ ^ > I ® 

.A-j^^»*iXII CjL- a IVI 
LclSj 64j 32j 16 olj i-ijjLu«aJI ol -JIjl^JI I^Aik.1 C^a jW^ j • 

2 > j4 .^1 1 .-. 1 >...! -^1 1 .-.Ia. ' <a_oL»JI ^1^1 ^ LjjLIj 

.personal computers j micro computers 




t ~i l^_i-o 1 ^ 1 1^ i A_jjIiJI i ó~ l^^ 11^ i ^_i \ v Q1 1 CjI^-a-oL ^^ <d»l^l j uu 11^ i I A 1 «ai VI ^^_jJI A_j^*_i-^JI Cj l,r^- lLx^JI ^ 

^ A i J * A_J2)- L ^i ^1 >>l i. i aJ j)^^ a!I ol ) <*»LaJlj <Aa a^ jJI 































JJLJ JLajV) 


J—*—> (j_t JL.ua "<Vl i £J—J—*—i oL-al ma jjX CjIjI uu Vl J & ** I Jl .Vl 

^ ;ja_» ^ jLua^Vi .telecommunication 

Jl iVl_i . j-*—i Ja (Jl < /*> i Vl cjI^j! Cj-jL^ (j-i-ll djLuiVl <Li£jjJI oljLuiyi^ jLajJI J j i 

(^ J * i I I JLuaji^i JjLujj Oj * *i *i < 1 J&J i II »JLJVlj <j4 .11 (^Lą^aJLj 

ij-Aj (^uślj^l o ^I JLł£_j CjIjLaJI oI<<^JL xJI jĄi. j■ r,c ^tuLUI j^SJI 

^i^£jLa Ijj l ^fc <Lc.^i^l ^jóJI Im MJI Jl i /*> i Vl óJ^l j&j .^_Lal_j <Lijjju4 LSMujuI * \ \~i,,<~t 

.j>jj.'. u . < ji jjiJi JjVi jaxji ^ ijiiuiUJi ć)VLtiVi jł^, ^ Gulielmo Marconi 





lJIjJUUI 

^ telegraph (jl j_jVI J) *_śl^ |-, li g 

J—* I—uj^ ^ l ń f I ^ <aiC. £.—uj l i 11 I la “t 1^I 


oljliL»VI 6j_4 Ji-ajj .a_L^ 1 s oUjLłu-o ^-ic oljLiijJ aJI ^_sl y± 1~ I Ij J l ,^~ VI 
Samuel ^juj^o Jj^-oLt-a j-^VI y\\ \I jjjj .sj-oj-o 1^ ^l_ 3 jl ^ <L> yćźL& 

dMujVl y* ^S. 134.000 1865 .1835 i_)ij_JI Morse 

.^->L$-U Jjl J-^aj A_l_a.j^JI I jJt \"\ 1L SJju-aj-JI 


oVl <<VlVl £LJjG 

JL^VI epLujj c^L-S 

—C,lj <jl—a.J—II J_o e_fl—II_U_j 

.SJ-Aj-aII J^_jJaJI CjI— t Jl—<uajVl 
<_L) wl I OVLu<ajVI jj) \^ Cj IJ-> 
^-lc. c_fllj-i_llJI ^I^ILa.1 jULiI^^L 

i - >LjUJ J^l£ ^.UJ-łj-UI J_1 ^ ^1 I J_ > 

.Claude Chappe 
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jlillll 

television a II J jJI jl) jl « 1 ^ I I 

L5-^^ dj^ l£ J 1 \ CLuj .ljlj_^.lj A_^J "k "i < ft 

2 ^ a_l^jaL Jv ^-a Jjl John Logie Baird j^ 


J .1925 JjVł 
^j^iUyi jUlill philo Taylor Farnsworth 


J ^iju > . jULil <, >i LL^y ( *—5-0 ^ j .1927 a_Lu 

cl>La^.^-° ^JJ 1—^—Ijfr^ £j\j ,^V1^ jji 11 jl L.1..1.11 pi a 


6 j_A J-aJLLuij CL) Lj_j Ij_A j l LLl 11 6 j ^ I j . A__a_^_Luj V 


A^^j^JLa j^u<a £ Jj(Ja UJMJI CL>j_aJI 
A_ijUa-j^jJI <LcI jV I A )j A OI J-» J-3j . jl ft.il 11 jL$-^ OIJ 

.1930 a_1uj ^J^LlaJI U_1j BBC 


• U-? ^ ~~J) <CL)La^JjLaJI Ll_J A_^J^lfLlI A_Luxi^ cJ^ujLaJl 
jia^ . cj V Ljun .j VI (JL^-o ^lc. o I^L ^JL] I CL) Ij j) 1 1 ^_aI j-o ^-A^ 

^kJ <1 94-1 A \ uu ^_LaC i >^-ujL^ J^l ^jai^J kjl^jA^ A <*'’■> 

.1955 aJuai LlsuJI ^JaJ \"\W ^.,lc ja*\*aII ^^tuL^JI 

CL>1 jij* )jl JjVI A_a_»j^a^JVI A ja 3 jJ I CL) U-uj UJ I Qaa<L*) 

George Stibitz ^^j iaLlu ^*lLjj .CJI jjiLlI 

Jl J_aJLluI ^ *1 JJ lj_A .(^_A_fljJI c_) ^-ujI ^k, 1 1 *_)l) A_>1_i La-aJI_C 

AJL) J_C CL)VLus=ijVJ A_fl jj_*_aJ I A j i fl 2 II JL5L^Vl 
.k—> ^jjj LJI ^ \c aJ-aajlaJI jjla J.C J1 ^~Vl cL)LaJ is^j 


(^jLJUI) 

^jAj M-O J i ^_jJ I A_j_j ^^2^J VI ^_j^juj i ~s. 11 A_^_i_uj ^ A (A^_) LujJ I) 

j^c (CL>^^-a. 1 I j-cu,.\ i^ a I J_a jJsj .^JLadl l ^ \ > CL>1 i^LaJI 

l j^k^Jj) i ^^ 11 \ nj 1«^>j 1970 A_Lxi S aII oL)V^J l 
^J-C. Sja^ aII U^-JI cl)V l urCi VI )<^>lj jjlaJI JL^:VI 

^j^LI^I I^ ^ .^1 I J_^ ł L>—° ^ La— caj Laj —'J) tL ‘LrJI 

^ac ^JLsJI ó j.j A j ix uj CL)15 a£alJI ^_Lc CL)Lj jL-^aJIj 

i^_)l^jio ^^jjujI (^_ja ^fl .A.jaIL aJI CL)VLx^_)VI A*\ v^‘j (a£_)LJ|) 

. A j i C. Uł La^ja^U J-u<al^lJI 


H 



(ó^lUljl) eiAl+JI 
JL1 LI ^jlI ^ telephone 

^^ILkl .jjlj (Jjl Ja^I^ lll 
f L^lJ_t jj-Jl ^ II 
Alexander Graham Bell 
j-cl—uiA^ .1876 a_*l-uj (. aiLfJI 

(^aji«^> 1I J-i-^l^lll ^Ajl ^_ajL$JI 

Jj^-rA jj <A_l_j^Ja CL)L_il —jlua ^ \C. 

4L-^sj^IjLŁI Jl^M^JI 

.6 ji jt clULoa dM^.1 j >c. 
(Jaa^—a —jVI aj—A J_^LJJ 
A-j^H O Vldurijl A *\ \ (Lu j cJGIj-^JI 


j^LlI (Jj-o ^SLą-o (__ijL_A 




liJI 


. A J-fiJLA 


cl>IjLlVI J-ijLllu-)^ Jjuj^ja a i '“<j j ).a radio ( v _^^l > jJI ^l) ^UI 

e_śjJI ją_c aI^-^JI ^ a j*\ I <aVJI oL^.j-dl J_a_iL_jj .a_a-S_LluMJI 

(■ 

(J^aj^ .^^j <a^-aJ 1^ cl>I j) <^>Vl^ cl> 1 aj) 1 x aII Ja.1 <cjC^ia j_l_i£JI 

^j*\^ą|I j_L-sa J-Sj .A l^k (A aIIj A j11 £C-aIjjJI j_) ^jl ^Lj Ja 11 

* ^ - 

J_)_S_!Loua j J-uj Jj I 1 ^ \ A_11 j La j) * I j j U r (^JI L j VI 

^j \ *s II ^^ll^-aJI ^IJI 1906 a. ixxi .a_j_^_1_ujM-JI cjI ^k^AJI 

^cljl^ ^_aLj_) Jjl Reginald Fessenden ^„u-mj-a jJI \j^jj 

ę ^ * ę. 

^LjJaJI n_ł_u^ I <^L) JaJI ^ Qj ^ L_)^_uj_) Lj Ij-^ I j 

jj^II cL)LLł_)lj .^JJLlJI ^a_s jlil ^uajijJI j j<.«^aII cl)LLLjjJLljiJI 
£c_aIjaJI ^ jl i^k Vl^ l ^j (aj^-aJI clu_) cl>IJ-) ^-lJI a_lcIj VI cl)LL^JI ^Ja 



.^Jji ^Lj j-O ^-AJLuCi Sl-Lfl 











































3J 41:1 ^ a 


4 -k-i.u.a jI^a ija £.\<r\~\ j-aj .jjąIa 4 ^Lis jjjlaa nuclear ©nsrgy A&utaJi 

^Ul ialisJI 4 _ij_j_JI 4iUaJij .jj)S </•> II j*a £j \"imj ^jJI UraniUDI ^jjlj^jJLS 4.A a vlaJI 

e ę- 

j \1xul {jZLa.^ ł ^jubj Sj)JSJj ^JXr oljJ-lt ^L^UI jl jLLxlujI L^jj^j 

.^Ljj^SJI *UiLbJI 


*Ljj^jJI iilJaJI ^Lijl jL$ 

jLLajui_»VI A .a A ^-1*1 Q j^la-A A_j^ \ 1 1 AjłLLsJ! £-Li_J 

ę-Lojj^lj ^j^UI 
jLbxujVl - I 

^ A-ij^la ^_a nuclear fission ^l <ii* VI 

juluru l_^_jl_fl CjIj jJI <_£j3 ^.xu.j 1 j .i^liaJI jr- Llj V 

<Ljjj_ll A 1 \ i II a x ^ . A_!LJI A—fll U 1 ) ^j—^ A_ 1 _aI _A A ^ -a *\ 

J I/M C. ^,.\ .J l U Źu > VI A a jJ 1-ł ] A—JJJ) \ II Ca ^L_cl—LoJIJ 

A la. uj I^-j A—^\—LaJI LI_aV £-uJj 3^^-* (3 I fc j, >Ij^_J_lI 

• (S I ^ 1 K<ii \ *)! I 


ijjjUl 4iLbJI ^LUI 

^ \ <^> ^j-o jl 1 j * j \ U A_ł^^-jJI A—5l ii II J ^ (^)J) ^ > ^jl 

tj^lli ^ LL (_£ V I .1 11^ ^jllaZu] I ÓA^k ! Lu_> VI 

* 

ŁSUJI Lol .a ^% \ \U iiLL ^_a a_5LUJI 6 j-a^ 

*LUl *jj ^ ~ aJjLLJI ^_^_j a ^LłlljVI 1 ^ \ I a \ II 

oiL^LLJLS ^ ą I 6 j-c 1 u* aa ćj ,_\ ^ ^JLl I a_»jjJJI o *^Lc l <a 111 

3 -c i^LJI aJUJI ^Li dJi£ .nuclear reactors a_»jj^JI 
A/n^ jja^JI j atomie bombs a-^jLJI J-»l \ .l II jL^.,^1 
^ ^ ^1 a^j>JI aJUUI ^ JliLI ^a hydrogen bombs 

.a_j^^JJI aJLUI ^Ll»| 3-^Ij-L 






































j II o uuIj jl ^ 33^11 ji j£^u 

.SjLujiJlj jj * A II j^a 


iiLbJI 

ur lc jLcujVI <_jj^_lJI a ^ 1 ^VI ^LilJ j-»-j # 

iy* JS^» C^i SiJ3^l J-?^-^l ul *H 

sL^aJi jiSii 

g 1 U> r^i \ V I J^Uj ^l_J_łl gl j ,^s t VI ^ _ i^j^ 3 ^ d) J ^V*t ^jl ^y :Loj ® 
^ A_j-o^ ^ jl ^fc. £ >1 Lao 

■NjU^y ,^1 II J£ Vj j-l^ 6 jj& ^Ja-O ÓJ^l 3 .^LxiuVl j-O 

^Icl £.oll jl ^k 4 >1 oM^LLJI Jjj 1 ^^ a±LoI j -03 .jJ^LklJ! 


v> aJL Three Mile Island JjL> ^ s3^ 3UI 

<1979 a_Lxi a_^^a-oVI LjjLkl^ui.j i_jVj ^Jł ^jj) ^ajjjLa j-o 
^Ji A_j33j.ll n j \o11 OhernobyI (Jj^jjIuj aaJ>jL^3 

. 1986 a \ uj 

6 jl «A CjLc.1 X uJ ^Jlaj L$_jV ‘ l\^ 6 jK^. A-»j^lll CjLjI <Ł i 11 

•L$Aj oclili Ślij ^ c^jj O 1 6^4 

j "3 ^ J._\-v ^ ^ v j ^ c A—J 33 \ 11 O V> C1 £ a 1 I 

* ę. ę. 

.iais LoU j J 1 U S. jl Jji 3 LJjV l$_olj 



j-4 nuclear fusion 


(j\ t „v, VI jl) ęrL*jJVI 


l*t jjJ^3 .Ajillo £CJJjJ 1 g <A* \ &j}A <SS* ^'-A *** 

jilcJ LgJ>U A_Jl_C A_jjIj^ ^-£ 33 !^ l ^.> A x j £-a oljjJI <^ 3 ^ 


.(Jji 1_A jl_^£_>l ^Jl l-oo ! AJ 33 JJI AjiL^JI A_1 jLa A j 

A j^ \ \fi- j) is>^ bj l^>-^ (^,>^*^1 ^J)1 11 ^ ^aUJI ^3 linl^ 
U^lj ^jLctoVI l ^ A^JL,VI ^aJckcI ^jl 

^LoJ^Vl IJ \~o ^^-Lc J_AJi_j < A \ i J Jjj ^ II A La 1£l 1I J^i-oj-a 




^-o ^ II 


4 \ ^v /\ 1 1 




•f ^ ^Lo^»VI rj±±> ^ujj 


iiLLJI jjl^a 

L^U I jJ < 5 jI a_ 5 LUI jj 1 jjakl ^-A a_>33_JI aJUJI 0 

f^k-aJ I (jl j-v frL>j^_SJI ^L-ljl ijjL^ 

ę- * 

3_jI jU\ A_jjl_Lo Jil Ij3-^3 a_>33jJI Sj jill oli s ll^l«.u^ # 

1 ^ y^-aj ^3_i_>lj3 t iJI J^. 1 3 A j^ A_£UqJI ^LLjI^ 

ę> ę- 

63I LAllI ^LlL»l (JjLjlj Lo n_I aj ^jl 

^ ^ £ 11 ^j-O ^l, lU VI 

(J-sl A-J 33 IJI 6 gj-^JI cjLL^^ a^jLJI aLa 11 —'j) 1 ^ oLi^ ® 
^iJI cjLj 1 1 \ 11 3j-^.3 VI j^ljLJI ( j_o A-jjl £^ 1 L> 

.^1 A_LlJI Jj 3 _ 1 j 



A-J 33 -J Sjji A In 







































1 - j^JI 


a a 1 *•> o 4 "i uiij . jj) ^ 1 1 a i a I * li «Lujijjji ^jt) cosmology (i _»^j *j * jj < n ^i) < u ^_Lc 

logos j^sji ^jjL.i cosmos L yj^o.> -v a <n ii AĄjLj^jji Lj_^. 


<L}JI J^^jLcu Laj ^A.^j <U£ujj j^SJI Jx^I ^LuaiJI ^LoJx. ^ i* ~i 



^u^»j .Babylonian cosmology <^LUI 3 j£ 1 I ^ 3 l£j ^ 3 1200-1900 J\j^ Jl 3^1 oLJjj JjI j^ 

< 4 _^JVI £_sj-o 3 Uj^j L->L^j <L^j>Ij ii^iu La^J 3I J-? < 5 LoliLo LajLuA^ c ^jVI ^LJI 33^-H ^ l f 

VIJ g-l A< «oJI 3-° ilr> 6 J£. 3La_A 

33~^ o 1 Brahmanda Ijj l a aI^a ^jA^JI 3 ,^^! ^JLc. jJlLcI ^ 31 200—1500 ja^JI ^Luó-aJI *.if j 

^11 ^ I \\ 3^$^l j-a£- 3 ^ jj .Brahma Lo_aI^a ^j\^ Jl a_1VI ^\<^> 3 -° ^I^ <Bindu ^jaaa ». ^ 3 ^ 3 -° 3 * 

.JaJj^. 3-0 Ó x \ I I O^-oJ I 6jV^JI 3-0 j-o"\ <.uj A_jl j (^ Lc jLa_Lo 40 j 3 ^-b^H 311 

d l 3^-1 J * «*i< ft 3^JI pLoir. Jlj Loj <JJ)^ Iri11 3 jUI j^Liaj J-u^aLi AjLIaLLoJI oLa jia.ll I 6 j-A ^jldAj 
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jljiLLuVl 4JL^ 


Jj_ć (joŁ ajaj (S^J-i o-° 


.1948 Łl* Steady State theory jljii^l aJU. 

I ^ lc. A_ijl~> i 11 6 j-A LaJ I l 'ilt\ a j\ tjg fi*i 1 A_LjJa A_jjlaA 

£-° A_l£jL V V| ^ 



,^-jLłA^ ^- łu L^ JjLaJi ^LlAjS A_aJI_C 


j^SJI j aJA 

i-Lalj 4 »^ LTJ^i t^^JI 

cu l£j .physical cosmology ^LTj-AJI ^ U ; 
L^ljj jjj; celestial mechanics aĄLlAI i <_»•.! <> a n 

d i-A A _ ^ ,IXJ ^LLI I J_£_ 1 _UJ I _l_fi J * IJ V I 1 ^ 1 l ^ <<U I -fi CL» lj A IJLt i I 

j)In txt^j 1 j .Aristarchus of Samos ^ajjaLuj ^_y-& lj^^) ^L***■* jI 
a_jaj^ cjLjj-U \ 1 ^ ic.L.i^nj Ptolemy ^^j a\ 1K >j Aristotle 

Vj^ii jaa „Ia-I 1 A_Luu^LfiJIj pLalaJI ^jjJŚ ^ < A fi.llA.A 

jJL-$ .Nicolaus Copernicus ^jIa: 

.Galileo Galilei Lr k.1U j MJ Uj Johannes Kepler 
heliocentric ^jj^JI ^_fi a n*11 a_jj^j_a a_jj !*•> > Ij—^j—loj 

.theory of the universe 


^ }J» I ) ojSJl ^ 

<> metaphysical cosmology ^.iĄJI ój^l 

^ic JJ5j .j_aIj1aJIj JjajJIj A-L^-fiJI A ^ K "'j^ ^j-o ^JLsJI 

I j_i Lijjji. aJ^J j .a_aj jJLII * i jjliiJ I j\c- LjljLuj ^aajLII ^jj^JI 

( JfLiu_> ■ ! aIa 11 (J l ^ A 6 jLi^t > J*\ 11 ^J_C A I \ UJ I S^-UJ_i 

* * m (■ 

<j-a s_;LuJj 4ilx*iVI 


■") 1 Jj U> < 11 s \ A j ^ I $ , I J ys -r* ^ 1 CjLjjkj 6 JC ' ^ " 

.Big Bang theory _,UJl.VI aj^ ^ UUilj i 

,J_kfi ^_jjU^I pLljl (3-Lk A_ł^lklJI 6l fifi^.fi 

( J^ J fi fi ^-ł^^JI jLr^..fi.> VI (J-J-fi La Lol . A.a xxi jLiIa 20—10 

JI .Cj I jLxJ I A_fią_A^ A AJ C. ^ lc 6 jLaJI 

•c>^> cJlj La ^1 jUJl»VI 














^ « jl JJ-CUVl II ^-UfluLcaJ 


2-J^SJ| jłJXr 


Jfi*!*, .A-a_ilkc <Laj jl_^ Cj 13 ^JjJłJI jj-o 4 ^ ^ A_i^lj OuL j_A bl3Ck holG J^-uj VI ■_* fi*v 1 1 

* 

p|j ^cuJI * > J) fi*\ II o l^£a*< J-is J . ^SLutal-i-O ^Jł ,J-aI_A J ^-LUI . _» Q~ J ^_Ck. ^_ł £.La_L*JI 

1 ^ (J^ a 1^ ^ 1 ii) Lo^j^j SlfkUuo (JjiL^JI Supernova q~ 

. l ^ \.i > j L^. >_^ v <«u t ^ jj^-aJI a-LA ^jlj AuJI A±£ t a-i .A “|5—10 ^1 

j^-oj ^ c. ^/^1 1 jjl „La. ^Jl I J_a. ^j-fi L$_La_a jLa (JLr^.^ jjV I AaII^-o djjuJI >_>J>-^ 11 ^ A '~J) 


^ u 



A_j J_^. Jj_Śl ó^*tj J^ujI _ » a" 
.CjljUJI ^yO 4_ljl_A a±£ 


(jL^jJ') ^^ . A A 

generał LaLuJl i :y ..m i Śj^LUI ■ «■-' 
o^J! 1 $-^j ^1 theory of relativity 
£-_u-^ < iy\ Albert Einstein j^L iżaJ 

(^yl—^—oj) ^—i_^a—i—o A_fil_La_11^ SjLoJI 

Li^kUl x fi .space-time curve 

l ^ \ \ ^ ^ J <j! ó j ^ ^ j.^- H i J (j-^-ao 


singularity ajj-a-A-dl a,.L fi i II ij^ fiK\^ ^11 djj-cdl ^^ q~ii q~j 

^ Sj^UI AUfiMIj .event horizon ój^JI j^lj 

A 'i ą!—— o V A_U fi \ 

£_fij .A-fiUUIj jjLfc^JI 

^JUI <dl£ j£^ ^ 

la—J—a —jj . Jj) <aj VI 

3_fi! a Jj-fi-LoJI A li fi \ 1 La 
J——a-oj j ) A ^ < Cj J -^ l I 

3_filJ .J^jujVI —> fi^ II ^ 

C^J)^<LoL aj ^IL^\ JjjjaJI 
.I A_JLc * * a^-fi ^ L 


^ 1 j) ( 6^ ^ 11 rc_Jea_uj ^ I £ j_uJ I L ..X 

(j-j j-A j^ij A_jl rii^ cjLL^.XJI 




^-j^JI kdJj J iC A_j I ^^kl A_jjikj 

a_jIjjJI I Lżu_> (j-^- a_lLUI (j-o 

A_C >.^..> ć)J-^ J_fi ^l-xAi 




j^-o A_fijl_t^a Lo (j^-i ^^-L 3 ^ , 

LjjL a II a J-A ^ .A i.L^>l CjLI la-jl 

.theory of inflation ^Ui:VI 
pulsating \ II a-^j k ; dl \ a 

dU theory 

oLL^k. M-dl .y _> jL^JLJLą j^^aJ-fiJLj^ 

^_A t 11 l mj A O ^ j I ^ Li **5 ! 6-LA aj-i^. VI 
A j I <>d A_jjL» a^S j)-o A fij fi J A_s_fij 


H 


























SjLJI 

jjSi ^1 ol js^i\ ^ dark matter ŁJIlJI SjUJI cAJ^ 

1—0 CLujl—oill 1 () ^ V .">1^ Ł 5 J t X 4f j,n \ 

d-° ^-k^j l—o A_o_lia-oJI ojl— oJI w^-i^ / 4 \ ol . 1 4 ł i j l n. 

6 J1— oJ I l—i . 1— i_l 4_i_1j-oJ I I 4 t\ \ J_i5LCuJ 4 \ \ j 1 ~v 1 1 

^JjVl l ~d 1 Cii In 1 11 c -1 * ~ 1 Cu j) ^ ~ \ 4 1 i-\ j 4— o— Lla-oJI 

d-° c_ŁlLlo 4 .o lin nil SjLoJI ^1 > 1 ^ ^ t U» I I j \ ^ a \ M I 

weakly JnUiJI <h^All iJJL$JI cL^^JLS oLu^ 
oLou^lj Jnteracting massive particles (WIMPs) 

olj^cuJ) i >j) ^ \ 11^ <axions 4_»^jJI d^$^ 4 o > 0 4.1 1 4 ^, a o VI 

.primordial black holes ŁulcJI 


.CIjn .a 11 Ij.^1 ^ CłljLiJI 


Aa IKaII AiLhJI 


j^SJI £-cu^ 

i uA J-?^ t- u u -k ) 

- 1 ^ ' c ‘(^J^^l CiIjj^aII Sjoa^o (SS* j 

db .ojźU jźV Hubble law JoU d^Li 
ei^l) red-shift ^^S!l ^ ŁJjVI iiMr. Ł 0 1 r^< 1 

1-^u j-u^. I ^_iJ I o ju lx \ 1 1 cjIj^aII cj ^-o (J^-U ^-uj L^J>l_i 
1 —A^-uuJl» J^-oj (c AjJnll ^-o ^-cl^VI l o^U II ^ \ ^'1_»^jVI 

•Uj^ £-•">» W“^ 



jl siiLUI ijl]\ l^L dark energy l ^iu A n iilLJi 
.^JLxJI l5 JLc ^U-uo^ Lr iJI antigravity i^jUJU SjLaJI 

CuU£ Jiilo 4-3 Uo JUi-o£ LAjjo-^j ^-ojj 

c5 ó^i j ^(vacuum energy 4_i£liiUU jl) 

Oj^ U 1 jl 'I <! ^-Uj-i-JI (^aljjkJI oLiu 

.4-o-i jl n. 1 1 Ś \ 

(j^- ^ -1 1 4_iJ Li-o 6jj) <^n W A M P » >- 0 1^ ^ ^ 1 1 j ^ Q 1 1 ‘^ J) 

Cy> ZA <^Lc jLio 13.7 ^Jlj^u 6j-oc j^^Ii 

.4-oJJa-o 4^_aLia X74^ <4—o_Lla—o 6jl o /2.2.^ <4__iJ!_*_1 1 Sjl—<JI 

4_iS 1 l n 1 1 ^_j-o I 4—oJJ^-oJ I 4_S 1 U> 11 4_fl 1 ^ I 1 1 4 > ^lA > 1 —luio^ 
£—o Ci*Ć U^ ^i^^JI (J-iJaILILi dlJ 4 _i-o jull ! .4_lC.IjJl1I 

I e -1 1 r 10 ^ j I 1—ao ^^-1^ I ^ ^ ^ ^ > 1 1 d v*\ r. CI 

<ól—udJ 4-0-)^Lo dj)*^ 11 o^i 4,iiL Ijo-oJI ^jlu 

.4_x^l^j d^ d 1 ^ VjJj 

































Łljuui k_iL laws of physics *u>AJi LijjG 

^j-Lc. A^Lj^śJI j*jfcl (j^*-j .^LiJ^AJi jJLaJI AjiuS ^ < ^ > " > 

ĆhjLIuilifj (>i>H 


JAJ J j £ \ jl 1J-L4 

*S\ Archimedes' principle J Uh» 0-^4 

6ji a^J j_i <GUa (jli: jl JaLuj) jJLo ^ LjiS j! Lo 

^jj ^jl (buoyant force j3-k.il Sji) j^-USfl A_*ilj 
.oLsLlSJI ^Llu^VI ls _Lc. Iaj-JI Ij-iŁ j-4^j -^Ij-a-H jJLJI 

(jjj ajlaUlS cajLS IjI 

^ 2 o l ^ 0^5^ 3 ^ ^-°l .£_»1—oil <jj>3 3-° aJLsL i£ o-»l_^ lj| 
.jikil Vj 3jill ^j^4 u-l ojj-* 


_j < < A 1 1 j~\ A \"\\,Li I Lj i *Ml 1 1 -V ~V "V = ^ I y&l I £ LaJ I 



^1 three laws of motion cjMUI <£j^JI 3^1 ^jiu 

*>.... 3 ^ * 4 \ 0 \ < \ I 4 \ .u 1 ./1 I . \c_ I I ^ 1 * J ^ '“ I 1 ^ X 

^ 6* ur 1 ^ Jj^ 1 <^>=dl 

a_l 1 c l—o 3 j)^ <<u 11 a- 11 -^ ^ ^ 4 <-«-» 3 j)^ “ ■* 1 1 ^-i L^. 

aJUw <k . 1. "V ^| ^| 1 .1—0 ^ J < X) ^j-O A—I J*L o ^4^ 

-*> 1 -v**tVl ^ <1 ^ <Ai 1 AX.^ui_ll l^J^JLo ^A±Ajlu a£^JI 

.A_IjI jH-o j 6 4 \ 1 c JoJa_ł l—o <A-tuJk_ł 

3^ 6A4 ^jLcuiJI 3^-? ^j^dJ ^yl-i-ll jj_jl_fiJI ^ ^>4 j 

A_ll^ Cj_) 1 _^ l— o_ 1 ^^ i 4 4 * ^ 4 ^J-C- J-lia-J 

c- c- 

.A_ 3 LJ^jloaJ jaSI 6^Jl Ll^JL^I jJ^I ^-UJ^JI 
j j Jjus J£J <Gl 4 _L 1 _uj_lj a^j^JJ ćJLUI 3j:UJI 

.j I ■ ^ A aI I Aj ^ Ljlu-O^ ^ yj^k 1—S—O 3*-^ 

iUSJI 

the law of conservation of a_ 1 i£JI 

3Ij .aJljLj ^ 4 i^o SjI— o jl a lv£ 3I (^5^ mass 

J-xJI |^l[ ^)-oA j jl ^ ^1 V 6jl—oJI 

c^ l ^ j .^j ^.1 JL^Ll I4LJ-4j 5 jL^JI ^jK ij 6jUI 

JjV Oj^UJI IIa Antoine Lavoisier a^jI^^ ^Ijkil 

.1789 iiuj 6j-o 



1 = J ^ 1 olJ M l j 1 ^^-ILj AwA^jO A_jlj)In<ul 















śLsj!C jLlaLljjJI jj-i! 

three cjLj-oLIjjJJ l^a a_j^Lj 

,±.u_^ Jaws of thermodynamics 
o\ c cjl i jJJ ^j_>L_a_ll 

ojjUJI ^.<CLiLj ^JL*JI ^Jł A-aLU.ll ^Jl 

* p 

L>-^ (JIUj (jl V A_jl ^_Lc j»UJI 

ćJLUI JjJUj -j^ Jl 

Ju-aj ^ La^-!Lj o!—L_j3>H j--^ (jl ^ 1 c. 

A^.jj 273— ^ 1131 U ^11 j_ao-«aJI ^J| a^.j j 




<LaIjlJI A t )m \ 11 A-jjiij 

theory a_*L*JI a m^MI i >l £_u<a^ 

= U*cA *> 11 of generał relativity 

3> V A_jlj < AJLiLj ^IjJlII ^ g-j) < A11 A_c^lu 

'<* ^ * "*• J A U U * II y- I ,_Q I "-^ A 1_4_ UJ 1 _ J _ fi 

JL£J ^LJ Li^U. 


44JJL2JI ^ clH>H 

<jl Newton's law of gravity 5^jUJl ^ ^L3 a_» L» ^1 

J^xJ K * VI jJLsJI j-jucij j_aj .^^kVI a_1i 5LJ! ^JLaJI ^a a, 1.1^ (J^ 

* > j^. 1 I ^j-o S^_a ,J j_x_j ^JLsJI ^a ^.fau^k (jLj ji I^ <^L*JI jLaJI ^^jLa ^~j}^ * 

A_i_ł jLaJI SjJa .<_*-* jLaJI 5jJU 6j_aJI 6 j-A ^_ajjLjj ^r*. VI ^.lc 

61 >I j_2k^_i^ .^^^<Aj^kll aJjLlclaII > £_-o ^n.a >■*>J <^UAiJaJI A lV\ 6 jLj j 

.(^J^t-g^kll (J_aj jjjLi (J-u«al^Jl .UA.i1 (J^U ^-Lc A-J-1 jLaJI 




(jAilfkA. iVl jj-iLa 

^-ULiJIj L-aLJI ^LjljuJI ^xj a L^LaJl A-^jljJl) Jo j)a«Aill a_jjI j ^1 lew of reflection ^ 1 ^^\Vl ^^jl_a \\ 
Ij^_l^s Ljlj-^ll U*>j .(^JaLlJlj ^^SLauuJI ^LxiJI a l^LJl a_jj l^JI j) ^ L^ajV1 a_jjI j ^jLculi (jJoaxJI LjJ 

.Ja J) a«*i II A_4^lj)J A_)^5 Luj-O ^JU 1_^JLJ V I A-łjlj ^yl Ą / Jkl ^ 


(^bJI j^kuJl) 


I 

^LJ! 
























2 - 


jjjLJJjŁ lj_lA 

Christiaan j ia^^a ' ‘„vj^ p> lj> $ 11 ^-jL; j j $ II £■ jk 
Huygens' L } . v jj_»-<JI a b > * Huygens 

J jU~ : ^Lś Jl jaj i^JI S^ki J^a. principle 

P P P 

4 U Q \ 4_j| ^j| ^ ic Ij^-oJI I \ą S i * j l ^ J) A11 4 i U J 
jluJ 4_j^_łl_j 6 Si J~*k £j\ ^kjj-ol ę- J-il I 4 U c \ < \ \__AJX. 4^^.^^ 

JLjLLjI AjC-JjjjJ 4_J^Luj- 0 4_CjnUi_i (JJLLljj < Cj 1—A l ^ V1 ^Jl 

.oL^^oJI 



■ CjI <*J 


^lL^LujJI ^1 A<.t >UJ ^jJLjJL& j^La 

f 4 \ y c 4 1 C > /,. a 1 <>.,<. ^-w ^ 4... 4 f j / 1 , » ^| \ I \ i 1 c _\ 4 \ <r I 

P £• 

^ L 4 11 _L>jJLuj V JJ _ cu.2h.Vl _ UJJ ^1 J 

^iJI iiLuJl J ^ the law of parabolic fali 

w JI I o 2 ^juj l L*Q ■ * «-u l \*i l lr> Q LJI ^ <u ^h. 11 l ^ X li fl. .1 

I ^J (J^Lk L^<u"ł ^_l)I 6^^-lI --la^JLuJI 4-iSj*~Ł ujJ 

0 / . . 4 /y . . . | 4 cl ... A i 1 i Q 1 < . I 4 1 1,1 I 4 Ł Ł t 

L 4j 4_JllJI iJjLudl j^LILł 'r Lut^j s _\ Ij 4_i_łl_j 

ęj— _ :^lH i-o Luj 3 ^j-o-uta 


P 

j\5> j^jli 

2kkJ^iJlj p Sj-OJl ^ JjMjlJI Oi m's law ^jl ^li 

1 jLxj jj-oj ^fLl 4_jl R. i-ojl 4 aIIj I jLilllj E 

.^>«aj. 4_ojLL^JI dilj j\c A jU I jJł ^jl s-j^ l—o A-ojl_Lo 

^ujLUj JiLj ^.lr. jLdl jLilii (jL> 4 jj^UJI IIa 

w. *" «. ** 

4 \L I^111 ^| -VII o Ij^la^ /I 4 4 aII l <jj^C 

.^llkilll ^ 

.1 — V/R i^LlIL^ ^jl ^)j^l_5 ijl_l£ 



jLflll 



f U^Vl J\ ^ Avogadro's law jjjU^il u^t 

^j—o 1_Jjl_ uj1-o Ijj-C ^j)^k"> 4 _JlJ_H-o CjI jl—Ć. o 4_j^I— ujIoJI 

<L^jJ /j_o Lj^LuILo t^jj-la A ^ v -o ^Jł ol—L jj^JI 

^ił J^-aJI CjLaOujJ^JI J J£. ^j-4-uj ^ .JojLtullI J Sjl^aJI 

Avogadro's number jjjlljil SjLo ^ mole ^1 jL 

lj_A ^ 3 -JfflL.ijj <10 23 x 6.02252 ^jLujj j-^j 

ol *\jJ ^ 4 IA 4*^ \ aII U4 . A II oL^jJ jlc. A 4^k Ji oi^Udi 

LjJl j <j^>L>j Oj-^I-^J' ^ 1 ‘“^-±3 o (J^ Tu t a_JIjJI SjIj^JI 
6jl—oJI 4 \ n^ <jl_xJI ^_a V V/n = k :^JlilL^ 

4/xj 1 \*tll o-jLi .jUlJI 

—-- 0 _ 




























jl 4_ru u j>iLi 

Stefan's law ^ l <Ajl a_jj 

J^_uj I ^ l_3Luj | A_fi Llo ^jjlj A_5 jL*J I Aj 

ul-® .<_Jjl^_^ A_^jAj 

A^ujI ^<Ai^k ^Jcl-uj 4a^.Luj-o AJLŻudl aJbLUI 
£_o —><.u Lllj ^ «xi 11 I A_A ^JojuJ A-i-i-o jJ I 6 AA 1 . 3 J I 

4_j_aLJlaaJ! A-^jA 6jA-i 

" ^ ę- 

aJsLLJI :1_iaaj (J^ill .oljjI 

^cJauuJI 4 a^.Llu-o 6A^^ A X ta dl 4 ajI^ aJl 

A^.jJ £_-o I A^-la c-ł-wj 1—J-J_j 6A-^.I^ A.-1 -A-oj A-_j >1 j 

L^Lu-^Ljjj .4 S^iLU Ajc j-ij-o a <alUdl aJjI^*. 


^ A-*—LlaJI a fil Li_JI ^ a E ciul ^ Ia[ 

SjIj^JI A—jA ^ A Tj <A^_laLaJI 4—^1., <<udl 

:^Lś <A_Jkdl 

E = sT 4 

^Iaj-uJI VI ^ 1 c ^jJLLJI Ia~a (3—i_U_1_jj 

^L_XjujVI \ _ u ^-*— c > I ^ 1 C £^aI i.fti. II 

J*SLJI 


^£JI Ja Ma 4»a^LLa 

SaLJI d a»^u ^1 quantum theory ^JJI o J < 0 ^^ 1900 ^ Max Planck J>Mj ^^ 

^Jl VI ^J^ill ^j-O £C_A 3 J -0 ^j£. ^aLusJI ^L*«ujVI * > 1 UJ < fijUAA^I A-S J .^jAJI <j^A s3 C£jLJI ^^*14X1^11 ^_lc. AjjLUIJ 

«. c- " «■ 

•^jlj-^ ^jA ^ J^jl £-0 OJJ^I ^1 l^h^lj 



* 

jĄĄAl (j>lLj 

^ aJMjJJ Ampere's law ^ąj-J j>iU ^j^ją 

A_fi Mc j_A ^aa-o I (j^-łLS ^ i a. dl (JLakdl ^ j LaI) I 

jLuu-o ^iAi^Ul vx-all JL^-dl A.j,J^aa A-jaIj«^>La^ 

^iJI j Lilii Aja^ < Lja I J)ujC. )l-AAJk-0 

J-aLIiJI ^1 ^ 1 c ^j_»UJI .jl-xxtJI 1_ Ąj j 

jLiiJI j-o ^uaIjla Jli-Jl jLoJJ linę integral c> -LiJI 

.J l,.tAi.J\l I 3 aJ I li «^..l I ^A L^£J I 































j .u a .p j ^,-1-fc 1 fl * £ ij-ś (>H J ^ 1 1 6-^} 

^ ji .experimental physics ^u^aji theoretical physics 

^ jjXj_UI j^ujjLaj ^łjLj^iŚJI jli 4 j la* II pijl i~t \ Vlj oLjjiajJI <j-a ^ ^<A>j e-LijjJLlI 

.aLjjLT^jAJI ^Ś-Łlrka ^j-Lj I a j^j .pLijąaJI 


Ijj* c^j^j :electrodynamics ŁuLi^sji oUaI \ j^Ji 

A^i^l-łl jJ&l^lkll O^-S^LslJI ^jiJI 

.I^ a_oL^U! j 

Ł^ U ill <-uj \jjJl :field theory JL^JI i-ijJa-i 

.oVL^aJI o V j 1-jl-o ^_Lc ^_ajjl 1JI ^j-o cjVI 11 
SJLJI a_^Ijj :fluid mechanics Kj w <; \ a 

1 ^ < t 1 1 -N. ^ 1 ^ J) ^ ' ‘ ó C 1 _clU A_jlj 1_^qJ I 



^Lj^_kJl ^^-aj :geophysics <lu^jVi ^LjJjjsji 

<L^_ AJLbCLdl d^JL^JI i q!“ n- -j ^ 1I (j" “Li * « VI A_uj I j _i_j 

oLL_i^Jl ^ 1 fj .meteorology jL^»jVi J.< 
.seismology ^icj .oceanology 
:hydrostatics/hydrodynamics l%aLuj^ n 

^1 <.j^kVl^g *_i1j) a 11 a j *1 ^ j aII ^j^sl ^11 a ,.,lj ) 

/jj l ^—j—II oVI ^ y I g j s ijj. a jLdl a i 1 u^JI 

.eguilibrium static 


^jujSi ^_Aj iacoustic physics i ^ 

A U t Q" ...I J A U Q“\l j a_uJj-J j 

JśSl I aL^I ytj :astrophysics ^Jlii ^Lj^Aji 

^ A # 

(^_y& V^-o-uj 

A J*\ 1^11 <=■ 1 ^ 1 1 jluAl^ ^ ^ l t ^ J *\ 1 1^ 4 \ \ \ k Q 11 


•U^ ^pJI ^l^kJI 

atomie and molecular i i \ j « 

CjIj jJI A j\ SjLaJI j :physics 

^ ęr 1 " <oLij w >jUVI JcUjj 

. jj I Cj 61 


A_>^<ii \ ^ya .cosmology ^Jx 


4 \ jl^cJI (>ilj)i a_ujIj j ^ .dynamics otjjJ) 

olAciJJI d jJ^j^ I^a»ujIj j .electricity g-Lj^^^ li 

.L^Jca-i^-a ^Jł l ^ K<!u^ I CaVL^aJIj <A_pl_i^^JI 
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:condensed matter physics SjLJI 

solid State a } I , ^ll aJUJI j j j « : LaJ ^ 

.a jlj-oll dl j-Lwj L ^_aj .physics 


6JJ1 :nuclear physics aj^Ui 

.A_jjjJI A j \ \j dJ^-L-u^ lj) ^ \ A_^uljjJI 

g-j )<*^11 A_cul^J ^_A^ .OptiCS oLjj \ 11 
d> 1—^ ^ ^ II ^ 1—a— ujV I j—> \ —uAjl 

^ j j-j j j \ 11 d> Lj j A_j_ł jj. 1 ^ 1 y 1 oLjj \ 11 

.La^-Cj 



A-ujljjJI 6 j_a ^ 1 x 1 j ispace physics *l <A4 li ^Ljj 19 

^Lx«Aj 8 JI a j j l 'j ą ^ 1a j .i-.jUl \* a11 j_&>\ j) U U i 

Lj_L*JI J- 2 JI ol V>lr> ^j-JI j_aIj!=JI ^jujSI ^_aj 

A-j^.jLkJI ^^JLlI ^jl ^j Aj-uIj^ \x'l IStatiCS oL aj^SLaiJ 1 

l5 _L 

^l^kll Lx,ljj :surface physics 

a ilu^JI jl^. aII ^ d)jV> ^_j_II A-jJ>l > a II^ A_j_ji Lj j_j_S_J I 

^y& I 4 J^ Lal a_LLJI jl ajJLsJI JL$iuVIj 

T 

a 

i 

€ 

J 

a 

3 
O 

// ° < 

o c 

\ * a 

a ^ 

a^Ijj :thermodynamics AjjLpJi oUaU^jJI 

A-iLkJI JLŁlI 6 jl Ci 1 1 L-Jjl^Jl A Q 1 LI I 

. A a I A_j5Lj_> l_^j_ol I 1 ^ Ijj A j 





$$$> 




SuJjj ^j particie physics oluuuJi *iuyjJ 

• A-lJ V I ^ 1 a 1 ixi 1 1 ^ \ 1 A-i 

dljj planetary physics 


.L$_» lx ^ ^ ^ I 1 1 L~ ^ 1 n. t a 


dji- dljj ^j plasma physics LajiUJi *1^ 

.LajMJI 2JU SjUI 



quantum d^Luj $ <; ii _n _--i _■ i 

^L*j,Vl dljj ^j :electrodynamics 

Cj 1 .n_i tu^ LsJlj VI ,_Jj£:Lkjj ^lxlj ^-llI ^ j "Ń II 

cjljjJLS Lp'-;^4^ 

Li^kill :quantum mechanics 

j t CjL a.j) A-jjLdl .~.l aj ... -^ II ._i j.Xj ^I_ll 

~ ' 1 A \ . "V *\ 


3 



















jjjLiiLII 


j ***j aIją^JI fjA ^AjJlL^ j^jjLiióLjjJlj g-1 a la II S"xu i 

^aJIjUI ^LLiUl uojj .^jlSI^JI pJbUl ^ ^LuuVI ^ ^JLaLjlj *UljI jjjLii o^cuLaJI 

aLaJuJi jąa ^ i.aju.V <^uij 311^ ^ metric system ^i ^Uiiii SI ^.nUai) 

^łJLt a a ' \ "',,, a 11 ^| ^Jl 4 ^ * i <A_a_ilł ^Jj I A „ >a J .<Lla^ąJI j>^ll iuLaŻ {jjjuLijiŚJij 


q! >1 ...-yJlj J. 11'1 AaJI 


jmLlLII S 



(m) jiall 

(ULu^il) X, 1 

J>JI 

(kg) ptjŁjlćll 

(jlioVL> (juLiiJI £-o * M.ti 

i±£JI 

(s) 

t 


(K)^! 

T 


(A) ^>AA-oVl 

I 

^L^IjLUI 















jkUlVl 

(li/r) m/s 2 

a 



0. e 


C/V 1! ^_Lł a-.Y^. tu jl <(F) jljLfl 

C 

(Aj^uJI) AjUuJ I^-a1 1 

A.s *^>Li!l jl <(C) 

(ŁJjVl ol.^11) E, q, Q 


(kg/m 3 ) 3 f /j^ 

P 

ŁiLiSJI 

(m)^u 

h d, s 


V / m ^LoILj JaJ 

E 


V.m jl_iLoVI ^Js U i ^Js 

<t> e 

^L^lll Ji Jl 

(V)JJ> 

Ę,e 

(emf) i^L^UI oil Jl sjUl 

e.J 

eV 

Ójj^l 

kg.rrF/s 2 jl (J) J^=Jl 

(ŁjSjaJl) K .(iiolfll) U .fUL^I) E 

aJLLJI 

J/K 

S 


J/m jl kg m/s 2 J ,(N) <jj 

F 

SjUl 

(Hz)j3jfll 

f,v 


(J) J^ąJI 

Q 


Wb/m 2 jl (T) iL-ill 

B 

^ Inl jJLsk^Jl 

kg m 2 /A s 2 jl (Wb) 

<p m 

^..^KLaJtJl JiJI 

kg m/s 

P 

(^U jVl) ^1 

J/C jl (V) 

XjlV 

(^L*2l)u*JI 

W Llj«j/s 

P 

<LcLLaY-uj VI 

N/m 2 (Pa) JlfL-UI 

P 

JaJLuJI 

V/A <fJ l 

R 

A_o^ ULol 1 



















a yA I I ^1 c \ys^S \j olil 


1 780 ^Jluj ^Jl jJla pLjj j4 1 1 
^ ^ 1 j "v 1 ^ ^l 4j 4^ 11 ^JLaJt l * A fl ^ ^j-jjJI ^LJjUI 1 1 M ^J-A 

l ^ \<\ j . -v j i j X" t i jv jg"t i t o li i tal^yi ojJb jjj jJj .wLlaIxJI £^>iJI 

OLcl^i£^Vl j^lo Jxu-Laj ^LLII £-il}j .tijL^ilj 1 Y\\}^ L^' 

1 ^ i 11 c>-l^ji ^Lil Jj)4xJtj 4-ijLjj-jiJt 


•--JoJI j^' *» 


óLfcljla,Vlj olj^,la.UI ij H \ a ó«aALxu 


^ ^ 1t j ■ }<r> «C aJI 

^Ij2aVJ /l-ś! .r,"^Vl 

4iai 11 


SjUl ^ JiliaJI 

1782 


cj! fi* 11 ^ui5L»J! ^^jLSJI a_La^aJI 

1785 

jA*J 

4 v *> ^ U ł ~ > 1 ~v ^-aII 

1801 

<j>^ ,j 

sjLoJJ a_jj jJi A_j^Jcdi 

1803 

£r*^ 

i^JI UlkJ! 

1806 

J^!j^ 

JaJjUl 

1814 

jUL 

L4^Jl O^UUUI ^ JJ Jl 

1820 

^jjl£ ^jLu. 

^liJjJI <jliJI Sj^jJ ^2h. j^-a_JI lii 

1824 

fj' 

<5>=^ JJ-°b A-ajli-All 

1827 

^IjljLś 

j^>Vl ^ a! 1 / sj Q 11 Jaj^in^ 

1838 

J^iJ 

yijbu JL^JI 

1838 

f LAij 

4 ol l«s 11 L«t 0 ~v 

1843-1842 


>4j J 

1842 

tfUjU 

(^„^.ilo^^Jlj ^bljli obj J 

1845 


uua i oO^i 

1847 


0 - - 




































^łjiAVl /iii ,r,-i<;Vl 

^JlujJI 

JJ ^ 

<_jjl^aJI oLj-oLljjil ^Ldl (jjjLLlI 

1851-1850 

J^ju^Lo < 0"^UJ 

a 1a \ 11 

1859-1857 


j^xuVl jUuaJI 

1861 



1863 


,JIj2^-cJJ <_i-oL1jjJI A-jjJq.J1 

1864 

Jj^i^Lo 

pljl A 11 A_j-oLijjJI A»j^IajJ! 

1867 



1889-1871 


^ LjLui ^U ^LAaILuj Jj ^ A*) 

1884 

Jhj-A 

4 j*\il oL^w^JI 

1887 

ói 1 

^LsJl^U ( jA ^j^LS 

1893 

U^JJ J lA^ f Liljj 


1895 



1897 

diiL 

^IjLuj^U dj^Li 4jLu-«a 

1900 

jjLIuiJljI 

A-ijjl^jJI A^^JI ^juaj^JlSJI ^jVI <AjuoL^JI <Llxu.oJ! 

1905 

^llŻLijl 

jitSUlij*. 

fcl^JI t«_31.u-i t*\ 1 

4 a ^ 1 a 11 4 tlał \ i 1 

1911 

jj-* 34^ 


1913 

V ui m! 

A-o l_*J 1 4 j v ,*.> v 11 

1916 

^tJ^J U>^^i J l^jl 

ę. J-uAJI pLl=sJ»I J_j£.Lj 

1919 

^LodJjJł 


1922 

<J" ^ "“ 

C5JJ-? C5 J O^J-I 
JjLa 

Ój^jź 

jLliJ 

6 jLdl uLi. J-A 
dJ^rydl 

Jj^-3^iJI A i a ^.urdl A_XJLiioJI Jjl£Lj 

1923 

ujj-i o“^L«j _>jjj 

^J| 

1927-1925 


jl o t VI I c ^ 

1927 


© 





































£\jA±y\ /^il,*.KVl 

ilaJI 

J J j-ł 

6jLaII jj^iJI 

1928 

JjLa 


1929 

* 

p 

6jLaJI jLłA-o j jj,5^ L> 

1932 

dLjjLiuj ^juA\y 

<_śUlil£l 

iJ^jj j+i>* 

4 ^ 1UaII SjL^JI i ól nrXI 

1933 

^JXUJ jjl J-l5> 


1937 


4 Ti 1 o 11 4_cj) ^ aII l cl r^~<l 

1938 

AdLj_ł .1_A 

iiLLil ^j-V V11 ^_3 

ę- 

yLij},j ^La ^ijl 

^j)„ v ^ljj)_ v ^1 jLLa-iu-jl . ól n,^< 1 

1939 

ę- 

jL L^jl 

« v<^j 1 £ J^Jł 4 \4 aII 

1944 

JjL 

j)^ v ^ 1 v ćl n,"< 1 

1947 

•£ 

4 j ^ 1 t j ^ 11 ^ a! \I1 

1948 

<jb^ 

v-JUi*lSI 

1956 

c J l ^uJ-A .v->.j <<j^J-A .J.J <Jjb±A .j.j |<JJ 

A_jjLll dli ^ V> 1 v_sldal^l 

1957-1956 


4 0^1 0 11 4 tlfll \ 11 ^ u.ifl \ 

1957 

f>? -Aj -c£ 

La L^-j^uJI pLj^j- 3 Lx^jJj_j^lxll jjd 

1960-1959 

o'- a — 

Lj^Ul o ^Lc.I.&jJ1 SU3 A_j^Ja_» 

1962 

J*-J±ł J^j J;LojJ-J (j^J 



djljUL^ilUI 

1963 

£,j^b 



* 

ĆUJ l.-Aj JL^Lą •U-£ 

^-Uj-Oudj 1 A Kżu^ v_ŚLdl^ 1 

1967 

J^-? 

(cJs3^h^- d^-11 ^^^>) jLuAJ!.. ól"1 


ó^ - 'IjJjJ- 0 

d^l^ JJdl -śLi*l£l 

1968 

UJ^ j j' 

3 ^J-llflU 4 c v \ 1 a 11 4 t 1 Q1 \ 11 

1971 

£_ia£j_A J^iujutu 

J^dUJ V 1 ‘ * 4 111 Latjui L_J J) \ \ \ 11 

1974 

£-^H oj^jzt-i 

Jj^LLoJI dljl^^JI i ól r^~<l 
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£ijia.vi /^si.rr^yi 

Alui II 

^J*J J-hH 

jlj Jjj) A > 1 v»_śLZua^l 

1975 

^LojjJ ^jjA 

l? 1LJI djljUl 

1977 

oj* U“J^ 

^j-^JI Jj-A j^l 

1980 

ójx. oVI 

£UIjV1 a-»^ 1^ ^l>L5l 

1981 

L$J J - U -*J J^JJ^ 

* 

C5JJ^-^ ^^iJI Jj-A ^jI 

1982 

0>j 

lliJUJL.l.j 1 — 6j^-ł c-ŚLtal^l 

1985 

^jś* j ur Q 

^ 1 ~ 11 j ^ ^ 1 < ł q 1 | 

2000 

(L-lj) Łj£*.Vl *1—iidl aJI£j 

a_xj11 4 11 ^_oJ 1 4 \A1 -k 1 Al r,,~<l 

2003 


5oLaLi^Vl 

^JLc 11 aJluj^LLIIj g-1 aIjlJ 1 £_jjxuj Jl VI ó^.^..illj olil rLM*\ VI ojI 

^ j u uj i .u jj\ 1 \ 11 A 1^ tu A 1 (j v ^J) i A_WJ 1^ jJ I J_A_fl Cj Lc^^jujl a I 1 f^y~\X i J 1—0 4_jl V| .^J) 1 a II 

^ja!I ^_l£. j i v11 ^jjjL-oj <A-ojLiJI cjIj \ixi 11 jjL<uj ^jJI solar nGutrino 

gravity ^±j jL^JI a^.^o < sLula^ 1^ <ol~^ o-^jj ^_Lc ^1—o_JI <-AjLla^ (Jjl a\ ^ ^^Jj^LaJI 

photonics 0 ^ \II j <^JLxJI ^.lc sj^L» ^\±Ł ^.iJI wav6 

A 11 1 £j \ v ./■ 1 ~sJ | ^ I w ~ «/ . 1 ó^yu » f \ i ^ \ m i V ^ oLiJ^*-> f^siJ competency 

.photonic integrated circuits ^ ji ^iJI olJJI olj optical computers 




















1-jąALŻla 


frl a l» II (j£j a « < <U II ^ ją ^ ^ ^LjjaŚJI ^LLj-iiaj Jik ja 

pLdiLxJI $jżl \X II jjA j y< II jź ośj ,<LłjLjJ^JI a «UW I a . A a! 4 II ( jaj|^iLII ^Jl IjJua 

j II Li,lxa ^Ljj-i^JI o-i^ .LLJLfc ^_LII lJI um^I j <LjjIj jJ 

.^JLaJl ^ \ft~i 11 j u a 1* 11 ^ jaUI j ,LuU^u^ 





jaj j ^\ji 


^4 1643 J»LUI 4 Isaac Newton <j3^ Jj 

jKI Jaj j- 0 j.1.1^.11 JjjJ^jLj (wJjjUjj £ jlj 

fJL*J 1. Lj J ~~v I JJLą A j yM -v11 aJjLaaI^I c_9LlAI J . IjAjLj d) 1 

^jl.ia I jjlj ^_lJI j 11 aJ^LLII a..-1-j-joj! . 4 !_>j j a II 

A_J_J jL^Jl A-Ćl \IS*> J_2kJ 1 ^JjlJ A A,jaj Luj VI 

V ) 1 1 (J-Ł^. j-Ś jAJp-> ^ <4J I 1—0^ . ^ l_sJ I 

.jjjujj-o J-4-C. jljJVI e_ailii-o (jAj i V1 4 jiAll 


ljj_$l aA-jj-c ^ j 287 aJl^, Archimedes 
LijLjj_j_flj Lj-j 1 j ALjj jx» J_j_aAjl jL £j .A_J_S_L-a £j-J j 'y j A j 1 L 

4 C j l~s 4y 1 L $ \K^ \ ^ " ■ 1 1 ^ \ A *\ I I ^LlII 4 , ^-s Q 1 > ^ 

ciLlj JAJ ^“j-UAjJ .^JajLX-0 jj-C J£lu Ij Lo ^<Ai^k ^^k ^k ^_JOAJ- 

j 5 A^.ljj >k ., 1^11 j| :4 Jj_5_j *_Ś jjJLaJI A_j 

jJLJI jjj Jj 


^ .auI 

















."<!> j^JI fl^kJI J\" «ULk>l Galileo Gali ^1JU 

L>^J .<jJ^JI L 5 “^ O^- 0 ^ j -II Cj^ o^li ‘1 564 Ja Luli 15 ^ ^ *4j 

* 

1 ^ 1 1 ^J-o ^ <i-«U t A t Ir ^ o j A [<A I A II (, > «^ > C I I j-A 6jl 1 

i cl < , A l $ jT^ł > ^ Ir I s,j v 5^Jfi jJI * >J)^>«<■»I 41 ^J^IL^.1—J ^JJLć ^-ALco 


^_LłJLi ^_ł_LJLt 


jJi jJ& J Lj& 

J tj^llJ ^l_j_LoJI cJjJ^ i 4 -l^jJ A ł ^ jjl ^-Jl » 

22 ^ Jj .Heinrich Rudolf Hertz 3 : jj* ^Jjjjj <> 

^ * 1 t j t Q 1 1 4 " l v ~ 1 \ * £ j£. Ji J -A-JujI—<JV l ^j^_Ą-o1_A A-IjJ^o ^Ji 1 857 Jal i U J 

4 /\ t -v 4 i~> ^ J I . ^> \ 1 1 Ł S 1 1 |_3LxU^-0 A \ tJU ^ ^-11 d> l I 

JUiil e_aia^JI ^J[ SjjjaJI A_ijLąJi J-uA^_j 

oL^ jJI L5 -U. A_jjLąJj Ojl J-flj < A j J^-» ^Lł^^JI 

.£^Lj jJlj ^lu-.MJI jl^H^I ^jJ[ A j mj l rt j-f^JI 


jjj-A Jjj jij-łjjuLA 



(jJi I "tut lii OjfJI 

ol_»LlJI ^-^jj-ś a < ^ ^ Albert Einstein ^1 1 1*\ / o>JI jJj 
^ Ir ^JLsJI il*l JJLJj <1 879 jl jf 14 ^ A_j_jUVI A-jj^Uj-A-oMJ 

^jVI a j jU\I A^.jJa 1921 <G-UJ 6 ^LLIlajI . jMJoVl 

^_Aj ^IjJdl ^ t j-^aJI A.CJ-UJ A ^ y i^ l ll ^.ijJiAJI .^J^a^-^JI 

E = mc 2 njj^ ńi^ll ajlIjLs-o l^_Lo ^ulJ .a^^JJ ^j lU^I I ^Lj^LII j^JI 

.ŁSUJIj ŁtiUl ^ ^iJI 


^ULiiijł oj-^J^ 

^,1818 JjVl 24 ^ James Joule J^ 6^ 

ij_> jU~ i j "rJ j_sj 4 jK*J 4_x^ j 1889 JjVI ^jdZi 11 ^ 

do i Ul i A_XJ I J-Juo J-U<ajj .A_jjljaJI CjLj-oLa^jJI Jj VI 

1 ^ ^ a M r j Jjl j^ll A t j \ UI AJLwjIjJ-j VI aJjLUI JL^dilj iSj^ J-^l ^ l lj 

Sjl J^l lJ) A-o^pl o ^Hj) jLaJI (2>Ju 4 A_i MxJI AJ>J_>li .^^-J-łL^-oJI (J-OxJG 

. J 5 Li AajLill 



J^dk jUAią, 




















2-j±a\Joa 


Vi] V 

.LcsIjjS ^ 1856 Jj-a: 10 ^ Nicola Tesla Vjl_jA Jj 

^lj.^JLxxil jLLlA_>I A_oL$_ujLj C-SjJLJJ <LajI_Jj^$ J 1 \ 1 *\ v ^ LujAI^OJ 1 f j"^ a 

cjj-^-ll j^ljl ^ Aj4^-^ ^ A_ijj-lll Aj>lj_jjJaljj ,LjjLąA C.Ljj^<11 

jLj.l 1I ^j-^jjrsJS dj^a £ jiiJ *^j .^jjii^sJI jjUl JjIjIj jiix£. ^LlII 

.^Ljj^ill ^_jjjjj JJL> ^ J-*^.j <^jjLhlJI 



M. 1 i- < \ i V 



^Vj_jI ^ ,1787 ^ Georg Simon Ohm ^jl ^j^ Jj 

< A_j_>L_ j j^JI A_xjL j-a>i^JI A-jjl ]r\ j 11 A_cljILkl ^j£. jA^JlJI ^jl jj_jl_j8 ^ę_ljj .A_ljLgJVI 
6J^.j .<LojLLoJIj jUlJIj A jKljJJl ^_j_j jjjLfiJI I j_A j 

^jTc ^j j j *i I n^ \ A-oj l JjL*_> ^j-Aj <A_j_łl_j j^j^JI <LojlJLJI < jul_iil (R) ^jVI 

.lj^.lj I J J jo l 1 . o fl \j \ J fl I I <j-a kl^lj .iaJjA ^ ~ * J ^ j -i ~v 




JL^uiLj j_l 1 j 

UiL/^ ^l£j ,1623 ^Ij^ 19 ęj-a Blaise Pascal Jll^Lj Jj 

(J*J jJ J-5 j . O Lj-t-a l_j jJ IJ ę. l_j^_jJaJ I ^_a 4_jl ) (J ~ fl, I , 1 i... \ 

lt* J-^j ‘u*jj ^ l5 -^ 

^_łlj-aJI A_«jljJ $j-j-i^ A_l £j-iL^j <A.J \ -i 1~> IIj 4 >. * \ \ U I I 

A-i,I aJ I (J j V Ax, I j \ ^ Lj J l ^ uj L j^JLuj I j . ^ I j Q11 j U> 4 , 1 1 j 

5JVI 6A_a oj-^-lii»lj .^_ulj,A11 ^ ajJIj Sj-cLui-aJ a_x_o_5j 

c^j.Lkl ^1 a^Ho-JI a_ixcL=JL a^j jfi, cHl^j Pascaline ^Llu.Lj 

•Ahij^JI u>JI ó-° ^ 



JL^auLj J_j_L 


©_ 























JU a J > 

Luji 4 -o ^1736 ^Lill 19 ^ James Watt Llj Jj 

3-^ I 6^-I^JcłJ J Aa Lljm d>A A Luj jiJ ,L»j. .1 l ^ ^ <-U i 1 C J~ ^ J 1 t tl ^ t 

a<^ 1 ^j} Cjl vj <u lal ^ ^ ^ j) A vf 1 \ I I 6^^UI ^jł j 1 A. i \ I i*l j^aII 

separate condensing chamber l\.^*\* , «^<- ii jL 13 ^ d^^JI 
^j-lc. (J- 0 -^^ <Ail^Ja_ujVl ^3 jLa*_JI SjLula^ iillaJI Iji_fl —L ^ 1 
. A-jjlA i II oL^j-^-dJ a a K11 A_Jl_ji_a j S^Li^JI j SjjiJlj jiJI ^_i jj^=> 



Jolj joa x y 


^IjljLi JSLjLa 

* * * 

<L> 3 Jl:l L^l_^_'<[ Michael Faraday ^Ijljli J^U 

i j ' ^ ^ —a_aLu^aj ^IjljLa >_ij_Łj .^.1791 JjJLI 22 

JL»^JI ^.j ) ^ ^JUMJ VI ój^ !ol—Ll ^ 11^ CjI j ^ 11 

JLa^JI L5 _l_c a I ^ c .j a^LcoIjj_j <*L_»J_xiJI ^ 0 « *i j U j $ *\ I I 

A_J Lfl l uTl<S I ***> 1^ "■ _\ Q ^ . Ijlu l_L-0 I^J 1 V \ d -Ti "N. \ 3^ I *) * U> \ '■n. a! | ^ .i. \ U> 1 \ 9 A i i 

( _jxiLujVI electolysis i_ę ^ ^ II ^.ul 1K ^ j o ^ n ^ ^ ~ i i 

ę- 

^^J-ll ę- L>j ^ 1 1 ) i s> 1 & * j^J 1 La j4^ 11 dj^-all Li^jl3^-J 




^Ijljli JSLjLa 


?3*3^ JjL^* 

Charles Augustin de Coulomb j l ^ ^c j Jji t. ji < 

k—)j^aJI .1736 ^^-aj 14 <L_ixtŁj^i 

.Coulomb s law ^ 3j) J ^ i a * ^ ^ ~ n. i ^ <a_ij ^ i i w \ 1 1 ^ 

j-a Ij^Ja ^ualiL) ^ a\\\ [-uąŹ ^Hs^Zj (^ji-ll ^1 <^-1^ Aijlli 

.Lo^i_)_ł iii <xia!I )^-a ^_o l J / łVł-v r,.ll i-aai 


^j jULuijl i 


9 ^ Lorenzo Romano Avogadro jjjU.^1 >>Lojj Jj 

ę - ^ ^ ^ 

aJiLoL^_cuLa jjjLcjil ^JLzl. 1 j .Li < aa > ji 1 _)_)j Lj^I^i^iLjj 3 ^^$ <1776 

^ £ 

(j- ^> ^ J (_^ć-ll < Aj \jj^>JI i-jjU \ II ^Jł Aa^ a\\ 

i-jjl < *i *ial l ^La^.Vl > L$_» a '^>J Sjl^^. A_^.jJ cij^ia 

.OLi_j^2kJI 3° A-j^CoILa Ijljjtl oljCcJI 3 -0 


r^\ 
























^Jjj I C 4 A I | 



[*j\ 3 


jlj K/.K J l .1 

.SjLcJI^ JcLkill <LujIjJ 

^ *** }' a ujj-^ *2 

. A_j_i jL^JI^ Ailill LLj 

3 L>—* j> i > 3 ^ “*! ^ -3 

^-.1 X 1 LujVI JlŁu ^^-iJI oVAJI 

.4^11^1 

.A>jjIjpJI j-±£- <u*\11 ^* Ia j .4 

F = ma : ^j-L La^ &jJLll a * ^La3 .5 

ćLj-^ o^- Łlj^ ^ l ^_a .6 

•A-af>»J 

^slxa (jV Lo a ji^Lśk ^_a aJLL^JI 71 

A_4 6^ L^l A^_xuij ^ 

. A_1^.jLL 6^-S 

4 v \ j ,^>a Jj J ^ J ^ jl—ij^-i—11 A_J1— 2 k. ^Jł .8 

— L)—lr^ ln^.A —łaj_i_ 1I ^ lr> X j .9 

J > . N ~^"< <v ~ * 1 ^ \ t t /4 ł ą! t VI A_Cj_uJI 

— iiL^JI U U A. a 4 4_i_AL^H VI A_Cj_tuJI 

4 ł ą! t VI 4 _CjjjjJI 



2£ LbJI 

(J jL^klłl ^ L SjjiLlI L^_>Li AJaLkJI ^_Śjjlj .1 

4 c l L 4 Kj ^ "\ aII 4 C 1 U llj A *4 a! ^11 A—fll In II ^j-C. ^_j_L_ł .^. 

A ^ * *1 A 



/ A ‘•y i I A_lUk . 1 «"v 4 cl L ^ Ą A ~y *4 aII 4 JI Inl I .3 

II 4 II x ^Jł <w 4_£l_L ^_A 4 \ a 1 ^ 11 4jłUfiJI^ 

._\ . \ -k ~ A ^ I 5 J J^JLo cj>^ ^1 4JLLJJ -4 

.(J) aJsLLJI ^ulJL* .5 

.Lj j j^JLi II A-A^i-fl ^£.Si .6 

4_ 1 <i-»~ a 4_*^lj ~y 01—5LJo JjLuJI 4 I—aII^ ^1 Ak 1 1 I ./ 

. A-J^\.o 1 00 

j^l~>II I a_1-o1 7 \I aJsLLJI I .8 

^ \c VI Sjl^Jl A_^.jJ 4 j 1 l \ 11 AJLLJI j-SJa .9 

>c 4-L=^VI SjIj^JI a_^.jj Jl 

jl aJLLJI jli, ifJUl ^ aJLUI a^S.10 

J^Iu ^_j-o A_sl_kJI j)"*k t ^4 -oj ^-ixJI ^-11 La^-J-c^Aj 





















jlĄLII 

l J J } < 0 V Lj j L_LjJ I ^ju 1 Q ^ ^ 11_1 4 \ ^ r,. \ I ^yj 1 Q*t t "I 

•f JJ> j J^JL Joa-jj ^UL 

‘*-± J CjL.0^1_AaJI J l 11 ^yA A-J^LcuILo 4 i A*C Q W~ 2 

L>^ 4_jjLluj-o A_iiaJj_fl <<LLu_Lu J£iu ^_Lc 

•C5jl>^ J 

oLojLLJI Ju-<oj_j ójIj A-ojULo Jl [ 6 jl_J j .3 

• ^ 1 / i « \ • i * 

a i ^ d—° J-^ csjL..4 

. fJ JjS 1.6 X 10 19 

A 1 ^ » ■» Cjj jJI ŁJaJaAJ d^i 1 j ^ jLjJLkl .\.\ ^ .5 



.jaJJI 

^-JLlI A_A_jLJI J ^ U ^y .O L-O^-O-C ^ *Ą () ^ ^ ^ 1 *4 \ I A. ~ \ .6 
.jJ^aj A_j^-*-<o^-dl 01—SLi_xJI 6^1 jV *LJI 6^-S ^J^JLłuj 


j j-* aLa«JI J d>o^ ^ 11 ! J^JI .7 

v_iM jiJI 



J "~> * A_i_>l_^_fl ^ ^-oj-ua 1 a tVI tu cjLd^du ^ IU ~ .8 

.l_A AjIj . \ i 1 ^| 1 ^ ,i . a > d^ ^UaU Uji 500 1 ^ 

<^* j ^LLajL^jJ jl ^LLiaIcu dL a\ałV» .9 

6J- 1 ^ ^' 1 uj-^ u^ AjVI Ćilij Lł1j_i ,L s^r\x \ 


• dJ jLcAI-o 

• * *\ 1 1 Llj| J jLurfO-S A^J ^yA ^ «v 11 ^jjl.10 


oL^dl 

•• c- * 

i a a 1 \ ^ k „A . 1 1 I (^y& ^ ^ ^ JSluJ «>-» 1 1 ^ 1 < r.. \ a i > ^ 

• c J^j <y° 

^-C. Aj &^y \ x i 1 1 Aj jua^ 11 A ' ^ a ^ 1 1 w ^ > .2 

ó^-AUcJI A_laaxil^_4 A^^Luj (2)-° OmJI ^ ^ ^ ( Aj 1 >~ j) ^ I 





’r^ A ^ ^ CjL^wj-aJJ (^jj_» J A__jjJi_j ^-siUi .3 

JI^Jol LfJ ICjL^.J) ^ < A^j-^k ^ a !1 N jv i ^ I I ^L_xaJxVl 

• ^LljI jjL-aJI <L»JLj AjL- 2 kJ-A 

(jj_^J|) £|j_a_»VL^ L^ t^ \j \ \ A__ 2 kj_JI d j-Luu ja^-| .4 

. ^_j l laAjm< VI 9 ^J A »-1 AaJ I ^ 

J^° A^^dl jAu 2 ui ^1 jJLjjJ ^ajIJ ^hTi^j .5 

^L^Lj dj^JLi J J-^^l 

A—J—a AjL-kJ_dl UJ ^ < 1 1 L a 1 U I I , > .6 

. > L_£ LkJ ^ ac 1*^*1 1 ■ < > ~ ą~ I 1__j 

3.0 x 108 ^ ^l>JI ^ *uuuxUj 4 &\ ajL^JI ic^u .7 

.U/^ 

.L^LaLU ^ SjLj Jl A^j-dl jj^5 J SjLJI .8 

.A^j-dl JJa d-a \ j 

• (^ 5 -^ I ^ O I [ Ą ^ I ^ I Jo I j^ Q VI Aj ^ jaH . 9 

‘ > \ A_j_jV^_Ia Aj 1—^.^-o ^_<fc A_j_jj) II Aj ^ ^ ^-dl.1 0 
Cj 1 0 —A A —j . t j ) <^>l l AjL.^.j-aJI 1 ^ * 

• 4, i / ii L*> ^ j ^ ^ 
















































^LbJI 

. J JjsJLo cJśLia jJliW ^_A A_ij^-JI aJLLJi .1 

^J| j_l! <LSL5 J-U Jjj-flj jj jl > (£ ji .2 

. Cv ^aII &l Ś1 7 ^\ 

L$_ifLlj '* * j ^ g- ^j-5 ^_A A—JJJ—1—!S ^£ j) A i l .3 

^ V . i . L.O I ł l_JłJ I kJli 1 ^J ) J 1 (j I I ^ 

(j^>l_j^^jJI j J-C ^^1 _uj_i ^v * 1 (_£^jJI jjaJI .5 
.ji^>\xII I j-A J 

^ \ Lo,.l 1-C jJI JJ-S—ll J-^j-^ -6 

j\ A \U. J^k 


4 i* \ \U oLcl itiul LoLcj U-hj LkJI A_xiul j^_> .7 
.binding energy LJ<ilk ^-oL^śl ó-» jsl óJh ' ( i '»>.' j cs^ 1 ^ mass defect ,^-liUl ^L^iUl .8 

.4_>J jJI 4 _Lł 15JL) I J nim ul boi <(_ 5 J^jJI J-C.LL0JL1 ^ o I ui I I ijj^jJI bśLLs-ll TT bijI ^yŁJJ .9 

















































. A a j m i ss ^ A j <■ ***> I 11 Lo I i A_-o_i IJ <Li jll* A t o t a 1 1 j ^.^s, 1 1 # \ 

* * ”* £. ę. , „ 

• ^^I LujL^s-jI ją l.^ \<iij Lo^ LjI^aJI U.i.l Lol <LA^ LujL^jljI a.\L^ 11 yg L.^VI ^Jajtj.2 
Jl JaILujI Cj J jl A_JLxJI 3 1 1 CjI J oLuJ^lJI ^jl (A-i J^-a) A_JjLaILo <Luj JaJ ^£jj-JI J jH I 

.^o^.Vl AJ)« A ILa (jjjVl 




S j_^ jJI 

4-jjjjUI U 



m/s 2 

9.806 

9 n 

^^J| | ^^LjJLaII £^LxlaJI 

Pa 

1.0132x 10 5 

Po 

^jLlx^JI ^jj^JI L*,Ali 

Kg 

1.6066 x 10 27 

u 

A ij1 A 1 t<ll Źs \^v j) 

Mol- 1 

6.0220 x 10 23 

Na 

CajLj 

J/T, Am 2 

9.2741 x 10' 24 

Mb 

JJ-? 

J/K 

1.3807 x 10- 23 

k 

L l~a du Li 

C 

1.6022 x 10- 19 

-e 

A iL 

Kg 

9.1095 x 10 31 

rric 

SJlSJI 

C/kg 

1.7588 x 10 11 

e/me 

A 1 X 11 ^j| A t -v m< 11 A \... \ 

C/mol 

9.6485 x 10 4 

F 

^Ijl^Lfl Ca iLj 

F/m 

8.8542 x 10' 12 

Ee 

^SlLfSJI cuLUI 

Q 

376.7 

Zo 

A ijI jJI aJjjLjlaII 

H/m 

4 ps 10- 7 

Mo 

^ 1 * xill Cj-JLU 1 

m/s 

2.9979 x 10 8 

c 

A \, ,t \ L ^ ^ ^ 1 1 i" 1 1 ■n. j\ 11 A C' ^ .. 4 

Nm2/kg 2 

6.6732 x 10 11 

G 

a ij j LJ 1 ciuLj 

J/(mol.K) 

8.3144 

R 


M 3 /mol 

2.2414 x 10- 2 

V m 

3 UII 

Kg 

1.6748 x 10 27 

Mn 


Js 

6.6262 x 10 34 

h 

cdj^Lj c-uLj 

Js 

1.0564 x 10 ' 34 

h!2nt 

^^juiaII JJJtJI 

c 

1.6022 x 10' 19 

+e 

u A? A 1 

Kg 

1.6726 x 10 27 
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oLajj*j 


*LAkJI ^ Jl ŁSLUI a_JLc oLcLdJ :cosmic rays 5 ju*Vi 
.5 j * < ^ q 4 v * j" q l ^V> ^_Lc s j) q 1 I ^j-o LjLu-o Ijjis 1 ^ (J j LujLaILj cg-? '—^ ■ co 11 i s i o n ju - ^ Vi 

J_rjl oLLjJ^ aJsLLJI JjLp J[ ^1 j l n^ VI 




^-o L*-o ^ua] jlII JŁUlj ^^uajjSfl ^jLs-J JjVI ^ a_aKJI &j-A *—aJL iLj .alnico ^j-JVi 

4 w *\ I. \ 11 4 \ ^ 0 II Ł ~>1 .<■ \ U> 1 ł i aII 4 *\ \ \ /i . 11 £_LA . ^^-A->i \ J 11 1 I—>1—ĄJ^I^ ^_yu l ^ .A.J1^ A_fSl 

^ \r U a,,. * 1 s\ _\\c J < ^jutu-o j J ^jZlls± ^c_Luxj ^_Lc 4_laj) <aj 1 4 u CjI—A l ^ > Vl v <ł I ( Ji ę* ^tJ\W j\ X \ > .diffUSiOri jLii-uVl J jQ1jVI 

cl 4 i,Żu) ^aLŚluj Jtiajuj 

4 o i ui i 4 _^L L>4 £JI 4 a i Ul i r- 1~j V i J 4_i_Lk e_śJLiLł 4 _La1_5 4_jjL!q_a ^-a^ .storage batt©ry ^jij ^^ Vi 4 _ajL 1 &j 

4 4 \ \ \ \ A 11 

-4 ajća 1( 4 a 4 .,a A <\ ^jikjLuiis Jj&VI ^_lc ^Uo-fll 4j>VJ>j JJjLa 4_iiu ^y> i^_LlLij £jjJaJI 4 _L_u- 6» sljl .transistor j j J> J-ii 

4 ^a \aII oIjUI cjL31_5j aj l—o 1 _aJLć^ 

^jlj-^JI jj^aUl ^jjł .J-ojJL ^ 4 jl J ój^j-JI ^x£ 4_5LkJJ ^L-Ls .entropy 

.S 1 Ąj ^JJ ^ 4 olU aI I SjIj_^JI <!l^J j ^ 1^ 4_^-loA-o 6jj^*v a\\ jl i^al-o-a]I SjIj^JI Lf-»Lj 4 U » < \x \ a! I 4_jjIj^.j-oL1j jJI Cjl }\*x I I 

\j\ji >...i ju- i,Ai : 1 ^^Ul l 5 JlL iJU ^a :equilibrium jji>iJi 
i j u a JjLuJI J v< r,.*\ ^ lc. ijjU j 1-^^ (JjiLuJI 4_a_s ^ j ^JjIjjuJI ol ^j^.[ .surfac© tGnsion ^ u ^j^ilii 

J 5 l ^Jl i j ~ u,.J i i 4j>-o j' ^Ui.all > 4 -a- 1 I .0x^1* 

. 4 /\/\ 4 -~v 1 .u a 

4 (n) MiLo .L^i c5 -iLll ol jU*II jl <_sjjkJl V 4 _i»Lj 4_^oij 4-^i :constant cmLUI 

f- j . A I I 4 r j , . X .j l 1 ^| 4 \ jU \ 4 ~ >l Ł v II 4 j11 LpLjj^jiJ .l_A^la-^ < 6^jl jJI Jco_i^-o 

4 > >La jtf 1 >.,. >U1 \ i a s _i _\ -v \ \ ^1 > ^1 4 kK a \ < 4^_ajI 4 j % j \ lr> 4 j < aj ^1^ 1 i%x> ^J_fl .magDGtit© o J ^ i * A "l ' ^ < u a JI 

41 ^...ó\ t\ i <=•! j ^^l l j) 4 v^ a!I 4 _xiiłV11 a\ixj V < 4 j 4 _xi*jVI £-0 t^J-c 1 .photosGnsitivG 4 ^*A u l <^~\ 

i t 1 ń/t * jjl J^JI jj-Ś ^1 jik-lxuL» ę- Sjiu iju\ ^.A J ^_«ili^-J 4_1 JJ_l^Jj-^£ 4 ^^-A . pIlOtON/OltaiC CG 11 <LJU C)iŚl II 4t I I 

^\U j(j^ ^Lxiul ^1 13 ^ <l^LuaILoJI ^4-c jl^oJI 

.^ai^ J 4 ; jliL ^ iiUa Jl 4 iUJI ^L^UI 4 JI :dynamo 




























I a_jjLaJI iJłjLLo óL^iI Lo JLUjI a-cj-«j :velocity (i^^Ji y) i^ALLiVi 

,s 1 ^ ^ 4 ^ * > , > /n ^ > 

..k^l .- j .». -> ; , ^l~'^~ <L=. k^j ^ o>-dl L$-> Jiik ^1 ^^cJl ^j :speed of sound o^aJi Atj— 

Ja^^UI ^L*-iVI L$gi Jiii; .LiJUj SjbLj ^ *yu±l\ I 4 J Jiik ^1 i_cj^Jl :speed of light s^kJi 

.Li/ f 2.988x10 8 

*>® tPl -^L^l ^*“•>' 1 6 j -4 , 4 _ukjVI i_ij jLąJI Jia. ^ak SjkLJI j±L l £^ajl j_& ifree fali jJłJI U jS... I I 

.aA_ i_ijL^JI ^I aJUłUI 

.1^ ^j£. A_xj^aJI oL^aJI ^Lis-iLj Jją^kj ^ jJI Oj-^aJI jl j£Lj ieChO 

JjL»j ,o> *;■ ■ ■■> 11 <jI U -ile ,J ^Ij < 1 ^ 0 * Sjl ^ jjt j :absolute zero jiu-.i i ^iuaJi 

-459.69 jl <^ 1 * -273.161^^1,^ (0) 

J^i (Ji '-^ oU-j-o j^^si (> LS -uiL > j£Jl £_L»k)U J_oL^Ji ^gJl ja j :electromagnetic spectrum ..._.u ja <ii . «_.un 

■ <ą£lu^UI oU^JI 

H ^ ^ gr^ ^)>aJLlLj 6 jIj^l-I jl < iJLa. ąJl >Uj ii-sU. ^j <j*4ll!I a_ojLl> IpL ,_i jjg linertia* nu. n 


.A_jJ&LąJjl A_j^jLk 6 jJLl jJLA_J 

4A>* J! AhIjj-^ 1 ^>^1(54>> i ^1 jl jt_>^l jl *Ldl jl jU^JI J^ls ,5jl j j JL^aji ol j aJT :turbine Zkl *u 
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.A_jjiLj^J^ ^ I A > l A_5LU 

^ j-LUij óia^ juj^Lo J£iu parabola^iLUl n 

c> 1 Sjl^l a_j^ 4.1855 ę^jLu^j AiLUI :calorie s^iuJi ^j>)LUi 

. A j^ 1 a jI 1 1 1 <_£jj_IL$JI ^£. ^Vl .5 J^Ij A_jj-Lo A^.jj ^LJI 

.Jax^a3 jl jl ^jl jaj VI iLfJiij ^1 s jjaJI 5jLJI Sj j 5 :elasticity ijjj^ii 

• 1—0 6 J1—0 A j .^sl A ouLi: ij culi :coefficient j^buJi 

. u — j Js1^lJI (jiJJ Sjljl i^jLLo :reluctance jl *^ |i 

• 4lj-Jlj jL^.VI ^ l^ki. JIaj <a_jj^HIj LitLi^aJI ol .»U« JI. 4l~i^ol a^ki^ jjll>> :tOXic wastes ialuJI cjULilll 

.ŁłśIjJI 4_ik jj si jl d^dl jUi«,VI j-5>o jl ikLJI :fulcrum jl£jjVi ikaj 
<J ^uJj 42kź .j^ijUl ^ Cijldj fj jLi^ ^jl :neutrino 

.ikil^u olj^, ^1 d^jL^ (dn oljidl jd^JI Sljl :adapter^ l^ji 

•dl-kdlj I I jLdlj Jd^dl :4x.ljj| d^j ,<-; j ) -Af jlj-o d- 4 j^śj ibiofuel a ii j^a^JI 
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